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Id itoi 'i. Iiiiroducth'j^ 


'I In. OLijaititii.nf <>t Itducution in Science and Madn> 
rnutii s of die National Cuunali.it' kducationa.1 Research and 
Training leu; initiated many activities toi the improvement of 
school "iLiin.i.t-- teaching, its out; cd ihe major trich-avouts. has 
t,ccn It- "i\p’t'-/s tht' quality ol research m science txluculiui, 
with id | beariug uii the classroom icituicliou 

It is well known ihat some at the Universities and 
Regional Colleges ot Uducation have Matted Nu'cm'e hdura- 
Moii t-’ioj.-nuunvas at t!>*; t J h l) and M fid lewis Howevet, 
tht. point ul i out urn -uises horn the two mtinmmg, initial 
ntiM ivntion'i So tai Hennas Hucation has not been au’op- 
led as a scl'idnily discipline, and tbere, are only a lew dfidica- 
ted seholais working in die field of Science education These 
ohservmionii wet-o substantially proved by the synthesizer!- 
ot Scmric- tiducation Research in India. With these shot I 
commas m mind, the tost attempt was made to survey the 
astaieheri dune at the Ph.D. arid M,lid. levels in the different 
Hums Milt's nml institutions in India Ytus eflott wan analyzed 
and cunsol’dated at a workshop organized at 'Invendtum 
All suet",-. educators fiom Ihe Southern Slates in India 
pooled then opinion and consolidated Ihe material Second 
workshop on Resort roll in Science and Mathematics balneation 
win, mi .'mi'-'d at Amutsax with an entirely dittr-ent gionp ot 
v icnee ulie ulcus The materials developed at Tuveudrurn 
were uvstnh'crl in this workshop, and rcsjjidi gaps were 
idenliliid An analysis of moic than 600 reseach studies and 
nuii-nli/icniioti of rescan h gaps is in itself a pioneer effort 
It has bun published in thefiisl leiuuudi monograph entitled 



(jVI 

In the hist p h\Kt Pud' '.Vanchua ni'b ! i -...cj 
have ciisuiioed the purpose, o! ,.m'i < -s<.i’< )■ n 

the c,oiUe*i of eiuctging pefi’pi vUves ir •,< ii.tK.e ‘ hir 1 <“ '• 

education research h.»n[^i he tMM’ , uuc(if;<i so '!"■ 

piobiems f’he selection ol lescateb piobkuii" dmuM lu- .nt 
the piiority basis to meet the rt iinoi.d deme ut» 

fit the second paptt, id Sond bar- piv.ei.t. d .1 1 ,1 w 
ol science education reman h done m India at tin I'n It 
M Bl levels. The research caps and needed jn» l,» n»,c*ri <1 
measures to undet take rese.uob have <d-o he 11 *ii ■ u .>* 1! 

Dr. LUnuJwei by* pi evented a ?.’,«?« o) Med.. in or. s 
Education Rcsetfch c'liuly ltd m iiic U S A ..in* ludii. 
Iheutnhot Das nude a case do Mathematic . Idu.yn 11 
Research necessitated h> the >'.uted ’’ui'c*, ima 1 >»p' n ift 
spheres ot Matlieuuaucs teacl'iiif*. The paper »Iv- m.lnue. 
(h(Terent amus ol research in M.,dun,fait".Toe. .imi.i, . r .*t 
purs suggestions tor (cmirc rescan. U, 

Science eurucubmi development progiannm - h c c h 11 
the must significant aefivite.s during tin' Pmf s,iii'ii>e' u 
Recently yuertoe cutricuhuu evaluation oas been taU-11 . an 
tindetaehable part of science cucitculuni ic.emrh t )v i )( ic 
stmeut in Kimsahraii power and money has lien Oim-r> 
clous a ml man, .voiluis have started i, using the < p 1> (•<>(> <n 
account ability Other group was active in dot-rmm<ug {I,<• 
gams, vvhuli st nlents have train new sunn un nuiKm 
nnieruts These gams were spelled out m tuim. 01 up, Me *. tt-.H 
academic and atti.udiinf advantage!, Sim c dim hniu.m 1 
and rummative evaluative processes have panied < y 


Mr. F recta in Sm< i h tu toy paper M f ^dilation at 
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< Ciiiiii ulum” has I ud suipna.-ii" on l(w U'l/-■ attic's cd 
ut(i<■ uInisi «• v'.t!tin>ii-ii 'I is i.'suid d Mi;.'I >I■ 1*1 (, ;s a need of 
(|| I. 1 uniliii; till' pi(>pii, li!cl|tlil*L US i of 11 l i * 11 Mn.il t i.S, (h VC* 

lo|'liii id of I he altitude t allies UM< ny die I Ill'll ||(.'1 .Uid (ho 
v III . 1 II i' 1 . lie 1 , ni l JK il'ji lilIM, flil.lt'f'l dll', ('/III Li! I, the 
■mlliiM Ii.iS iu > i n > i • i "duil I he wed in (abi'ii'di/e Ihu cu ■ j i- 
lUlllltl d. . ■ iopiiH'lii pint. dlUi S li lil lll-0 SUjU'Mlwl (|mf 

. ini.c ui"' i 'tumid Im o lei'i'Ml to tiic (di|t' tu'i U ul science 
edm .dloii ccuilnd methodology id i.eiimu* and tt. clung 
i III ('livcin v, fhe autlmi lias developed a iliewetu al itame 
wo lie or i,illoiu'k t u [dunning the umicuhim evaluation 
uiodi'l nml a difuihd outline lias been niniiliorn-d 

Hi 1'f‘pei on *'l■ o*mativc and bum mu bee f-Valuaiiun 
ol Siirnu ( uuauluin 1 ’ by Pi. hood lui. high hi hied the 
tuna pi ol u/iin.dn'e mid siiniiii.it n n ov.iluati'Hi .1 Ion.’with the 
i esuni lIum idlenirbel in this aieu, Some- > \.i iu |-let. of tin* toi- 
mat ue sUiiiiuiitiVe evaluation use ol by the eldb'iriit Suaiiec 
< uiM> ulum l'iO|ut:, have bam inludid 1 In* in ..d of inch 
■ i tit a 11 1 css m Indian ilnssinom lias bun emphasized by the, 

audio! 

)< an y lagct is, an impini.il geniti' t mpistomologisl 
and liu. luiun* s.hun*!, in many cdueational juutnals thiough. 
nit Hit* wmld l( is tiuism In say that ihagetiau Thinking 
tin, Iveomo a pul oi educational each .uno in incut oi the 
sysleiii, Since !‘>*i0 ,t ha. heroine nu leuMtigly tleai to 
child psychologist 1 ', edinaum. and iitln.it. in eliverse aicas 
tlun '‘Joan i’nijet is tlie foremost cuuliibuhii its rtic field ol 
uitclli'.lu'il di'vnlopiiu ut in in t ui deunli , Tins lias n pertui .nt 
i.’latun, (.I tiiiH- iihnn plaiumu' and unpamag of m .Unctions, 
Wain beiun-e 1 luii'idmn Ihoje'Is in the II K 4 and LI. K, 
have Liltc-n imo account llm obse.vutmiw made in Geneva, 
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i).,liool I U ji t) is a i (Li..lion toi mir umikdiat. «* in ^ i< i c f <it i j t n " 
Ht>w onti Plants ihfMif’.hL i he iut.■ --r.'i' r d in fhi mm < lun- 
uilum .uul :.i inio' nisum turn m fndvi 1 Mtuaimii r> tins nemo 
giltpll lnclini,; tliH’i nip-v. on Sham 1 1 : - i Pal. 1 mg . i k u.i 
iinswci ot sui U ipu si urns 

!>i, R F Singh m lus . ‘Rl'-i'-ui Ii on !’i."'eU'ui 
Thinking in Science'’ ptuxeiih m eihaiiMiir hi cussmii on 
xpcLiiio stages of uiHle m<il piowlh amouc eh'ldon, .is piu- 
pounUcd by Piagcl The nnifior his muni n Mini many nsmii.li 
sluJics in snppoii of iiitrlfcutmiI in <luiali ni <*n.l lli n f eli- 
tionbhip to hcienu Il.'h hmg While discussing the ulm Ui'uul 
iiupliutions nl Piagdian thinking, llm milli'U lu i •!*\doped 
trliitiotiahip between individual eluld'; nitelli umil divclo|i- 
men I and educational piobleins He lias iiiilhu given vniiutiU; 
suggestions Pot p],<nn1111' si icritr i uiiu nlntn umguicnt 
vVilh tho developnienUl stiigii.s ol the haiuu ns mentioned 
by Piaget 

The author has expressed a stumg feel mu tint then, 
is a diicet link between developmental stave and ynde phue • 
incut of concepts The author has given sotm ich ioiiu •. 
iclevant to science education wdh a ohon hop.; that some 
studies will also lie conducted in mu cl. is si oom'j 

Mi Pticlmny has gtv it an u;.li.insii m list ot m < ,ir< he i 
aUeniptodonFiagdum flunking m Id; p 'Mu,pin anoic 
of Ti.igetian Reseateh for Science Curi’i nhua Pun iopmont’' 
On the basis ol the analysis ol n"..'nji, fin imh n iiaa Ii t 
cciully advised toi t’Kiy’turn tiieoi y-basul < m inulutu and 
its ev’il't • iicm i his is of much sigml leaneo in the > ornhtioir, 
wlieie students do not attain humai ihiid.inj; .,vui nlte< 
attending advaivad Loutfic at the school i.lage, IP sc itches 
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have pi .vi-d i( m connei.turn w 1 1h "Alphabet" coiuse' in die 
II S A 


!’m‘>(li.in •.ytteiu In;. .1 duet i Inaani - mi • .in cpt■: illy 
base i i.seai h in ■>< ediu itioa, ['hr. Isp* ol u;;,c rch luu, 
not let,,i jHi mpled bv nilnjuatj niunb.i of’ us-vp In rs. 

Pto)' M Vuidyu Ini' discus.ed Hit* problem, rckdetl lo 
Piti;’cUnn Tliuikmi’ and l.'Si’fiu h implitalM'i flu autlioi h,,s 
quoted the pi'.ncci study uudeiUlo-u by him Tins .luiy not 
only ui stabli .Iks the woik done by loan pit.jid but r.uyyeMs 
1 lj i ther i.npln 'dioiis 


Since i\'oi hi win II many p-nmeict quesiioir; were 
nosed about the ink and methods ol science m school;, biiu- 
ihu question; wen- nj»ani tailed altei the Ittvinelum, o( die 
Spulnick find a m ml foi hast. 'hinges in .Scientific education 
i\as leali/ul A icnce if, a system ol knosvl.'dne and like any 
knowledge d has its mvn muain-y A Mar, like B.rmtiil 
Bai h a , Walk i i In sell, Tab oil IVsons, and Hob it 1C. Melt¬ 
on etc n i no pul 1 oiIh slioim points la layout ol Sm lt)!of<v ol 
.iiieim ,\ ripniioiis <d),ut was i.iade I)/lIi .e so loloyi us to ble¬ 
ak the i% tlouoa ol society I'coituly thrne is ui'ieitawaiu,- 
ess ainonj; the mtell m uals lo undoisi .nd the rdationship 
between acini' ■■ and .society, Mcidv disi ussiiu' meids and dcin- 
entf, ol science .n school uimuiln is iiisulliuenl d (lure is no 
Milica 1 uiult istiindm^ ol ili„ pudilenis and possibilities ol the 
odationship cd sucnce.imi si ■ \ ;[ / liy no v so. udoyY ol sole 
me lias cnteiycd .is a lully yimvii fkld cd ainh 1 hcie is an 
myi in need it; me*', nf tl. uicU d md min.d nc.w of f.ci.uue 
wh-c.li may unit hi- inc i j" nsli.i oi sludenl to vies,' die eniei 
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prise of smcuo.; tann '•> b .ale and L.> pi u 4 and him 11 in li , 

s > ,ml coni' M, S' it/i e i', a >. >,! 1 1 i i * " m .ui'I II i > ■ 111.u : 

dimensions am In h - 'li :■ n‘... 1 "in ■ i. ■ •! i nn ill m m| nnl 

cuUuutl imp nlaiw,; and M im > i'u aw "" 1 ‘ >l ><" 

Othei m:\joi vn ml conilui imri 

The p.i|i>‘[ mi ■ * I ■ >;> v ii| " n*iii a ! ilic' 11 imi r i "lilt; i t. 

and Reseamh bemiii'i Uvc.’’ by IT Ruh da n ..s b.vi ml mi" 
logy of science and includes boils ih> Soen'lui.t “I iueuoc j 1 
well as tht;s oeiology ol .smuie. eduenti"ii but II (Ihuiiiiui 
tcrlpapui within Indian t jh iue1 1 v<* and .„,;ti .ipolati .tin; i ‘ a, in b 
needs in l!u;> viigiti aica 'i lie nuti ■ >i has u.it 'Killed a new an a 
ill science education vdvn h is o! uc.ut ui nun lb b . ■ h . n 11 s •i 1 
the following four sub-amuf. in Ins pupil 

1 . The essential.s of Sociology of Scion' 

2. The rrne nhas in tin S." lolog,'/ of (lass in un toothing 

3 . The implications of so- iohi> , 1 ic.d foundation i f •<l«i< alnu; 

foi science teaching m schools 

4 . Research needs in scictier '"ducation m India 

The tuilhoi has discussed tin- picnu cs of ■ ocology of 
science with specific emphasis on tht tchdnurihip id 'ai.hu 
and society 1 he opinions cxptetv-d by tcunerM au.hoinie-. m 
the fluid ftom time to lime have been un bided If.- also 
includes many sociological ideas with a Ivanti", i,n uem c, 
m schools and roseaieh in v icu'-c citU'-aln'ii '! ha p ipci fn< u 
scs die discouraging pictinc of sciomf. ti a hi..‘< m n hoof, and 
mates a stiong pic v for its nnpiovemeot 

The author contends lliuf some ivscimd' ‘epm in the 
sociological perspectives should he utu niptcd, '"1 tin fneb.is 
such as, anal uiban social gioup.ngs, i.Ti-.i 


■a, economy, 
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ietidtuon". eu , t to 'Menu- < ah mid h- 

Ttilu-.n up I,/ ' ; 1 • li w n !"■ r, hi .. Mitim, to U, lw.eiiLb 
all i.i'nl :d in 1 -,' t f U< ■ 1 to (Oi.liu lu m >.i a'i'l lis dot u nl 

JS[)c Us 

! )i ) mill inr. (;>'>vTi 'I i 1 1 it "l r ■ s-i i it. U Undies -> n 
l*i,i it'll in ilii■'Kiwnith wue nUi.'iupled al 111 • J’uri) lI> 1Tm«/ 
ci'iily, G'luui'ii'vili 1 ii** tuli •> nl ilifu! slii'lic". vnll piuve help 
ful to uni,i 1 ns i Hi.: nil.li'; nl tli w»rk w'u It n Ivint' titiu 
mp(.;d ill 111!, I' nut! )' Towi'id 1 ) lllil Ctlli Ufl lllU'lll|,l h flS l)(Yll 
made m pn ■ "I „uni“ ideas tibuul mudiiertto<i, In, dm [utme 
as wed a,; llu* tinunriial nspaU . of scii'iiee edit Hi m rescat- 
ch (I Will In helpful lit imdois'.mduiii the dlfftnt.it u.’i ds nl 
<;ucnut edii'.iiiou ieswin'b anil in Johntinning a lullin' line o! 
ik tint) 


Suii r Iiiu. |>( lulcin.i' vaiiul and •/,tillable piognunincs 
have been lain,''lied lu upgiade sin._m.e ieai lung m out s< lioola 
’New miiii’j led bool.:, wen pupaud, rit-vv inaluu lioiuil malc- 
s lai was pi hi’! air d and new re,cam It iuoes ivetc umoveied, 
The linn fii’ i miU nn'v |o iauiu.li ust audi-tit iciii d m leai'i 
Icani'lniip, H17 inII)', du.i monngnph vviil pmw a small yet 

Ml'HlI Ii.a III r j, l,i a a 10 tin: p[idt', MOII'd III CI a I III'-, 

All pip-: - nl ihis iiuuwu'Mpli ate tinned not only at 
icseaub anil, ■' i.i dilb.icnl .uil\i‘, hut tilso to budge tlieeoiuai 
uine.iliiMi p up iii,on,.; tin lullow t' m. uelien, The ion .olidntKiii 
nl ie;e, u|i • 111, i i minin'/, i will lu i In Ipirig luuid to a nov- 
u ' in M | , •!>■'/ mu in coni i!' i.tluv dill mil 'dIeui(iis and in 
I'P'-ipnl ; i j , th. i lau 1 ie , tu ili>u. tli i dei'iin(, iccenL 

pt O','ll III 

r t'i‘ dpi,! a, deeply i tdcliUd i > ail the 
pap., 1 Ii;iv, I, r-ii iiirludtd in llit'i monoi'iapli, 

Wain ii'„. - in lu Cl N !ih:itdw,i| need ■ pect 
ifiii i i .i ,n ,ii ..id h .In m ci a ini/ a 
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■ > N d;!.\ K r )W \ I I-. i'.'tuiii m f d'iOiiU 1 hi ,u the 

l’i liion il ' ‘"ll‘ i;e > /1 ALimmIi ui. Aim *i Hen; editor ol tile 
i'll.n-ai ih;i I lii'iil, <ir lm, i oiiluliuted m my papmi m 
viini'ii’, film tion 1 Inmnid 1 , 

1 I r, ie i| i in Liliu ,tion at the Kei'inii.il 

i 'nil. i»t I'fliK aticii, \ |tiu i Hi, (A co-nui hot of Planning 
ini "iii'm Iij.Mii) an,' f ■■ etliiiM i/i St i -> ■ t gies in fuencv, 
l\lii' a’l'in. Me r. duilioi ut JiiMhoi*■ ;ipliy on Sliciiu Edu< a 
in,;i H' fid', au'lioied in.im Uiei-Kli |upois ill'll Jtlu-lcs 

! f! iiAii ' i. i-n'k"v>i nl i 'li’ivi ion nt the Punjab 
tliw ' ii.itv, CIi.'im'i; ■ n !‘i ‘ * f i 1 in I o', Mt lidi ciutluiied uhntit 
It 1 fii.v.i'iil) pep'ri iiml ha, Mijjci vI’.eil dooKuul lose mil 
am I* ol nuinv I h !"> m M->'.u s 

N is jii>/l'fe.vii ol cilniiituiri iind Dean ol 

1 usti in tiou in tin' i eiiiou.il Cullei',e ol IMueution, 

A|oni Hi, in, tm p ihlii'iitri'is inUudi PioMim Solving 
ui Luenoe ( Some A,put;, oi Piaget':; woik A v Saence 

Tet'diing , 197 I), How C ‘luldt ■ n Dnioovei K no wit dgo (1974), 
.old The tiio.vth of I. i'iL.il t'h i nk i■ >fj, m Science Duung 
Adi/le.'iteni'f ( 1 9 7 If ) 

He lu', uloo i.o euih >i ;d !'l inning loi Science Tench- 
jr,; r (I'Xm), Stiat. gi, s in Snenee lidmutiun (S970), The 
Individually Anoh i.uud i!■ 'euce readier P'dueatinn PiOjeel 
( () 7>), 'iiid iiO.sh.ipi...' Oui School Science Lducation 

(’ ” / 7 ) 

I'llDM nt 1 ‘n'ji, pulsln iltU/iiS ^i\e O-Cll tuhsidiznd by 
Uip Guvi 11 i uidtari t 1 ■'<•.i{*i Mm”, National book Tutsi and 
tin ilUvUI’ 

CiKii-i.lly lie i.. fd on tm IUdC (NCFki') Pu>|ut, 
! ho I )eu i ntu.idi >n A D< inloprueni ol Si hunesi of Thought 
I'uu"- Adolecneuu', si Longitudinal Study, 



PR I I AM S!NOi 5 u. i<uulri in c dm ninm at the thuio 
mil Institute oi Filin-itu,,!, Mevv Pclhi IF is ni'ilnu ,d 
1 tcpaiaiion A h/nlii.itioM of ilioloi'y Test f mil s and ha*, 
contiibuled huiik iuiis pc i>- i ^ in .ducal'imal journal-' 

RP SINVill is il.s'Ic-i in > (Jiiratiuii 'it tin 1 h,iv< i,,ilj 
of [hiUni, l)i p.ilun m of [iiin.dUi.il 5*'«■ has . mhoied 
iiniiiv icaciucli papuii 'iiul has '’(ipi .1 v i ui 'I Uimil ti'iaiuh 
woiK Fe is aii anw ‘Pi. idili'i ui tl < mbi.in lotuuuil <■«i 
PijclumeUy nod lPut 'non fl. r \ v -1 ic alet t ol /> 11 
in dm Scicnte Teat In is’ AviSuuKitnMi 

SP Rt'l-I!'( A i* pi nn.'.',,a isf ,«’i,. - 1111 at lli-' Him¬ 
achal Pitidi’sh Ui>iv. i■ n*-, Pil'd,i lie is also Petit ut'Hit; 
! acuity o* LduLdUmi l.iM.i'l.'d Pri’i !>., h t Sin oim(\ , Simla 
iti is t iutllOi nf tin* Lnnp.ili Sf.it 1 , Himaru i Tlvuh 
(Idfibj floudl IMci niiiv.nU ui hlmj.ihilil'' m huh i (i'hiO) 
hiii'ii),ilional Dll' Limy ol f,[,u i;.|i' n 'ml ;> holms m ; <i, l(! 
lof/j of Flducciliou ( 11 ('i!\ Vi I,Ti^d |;v1 1 1ic' <r pl\\ on dm ui|o|vi 
of the leachum, [’lOWiion, p'-ifiil), fan ic>logical Pound- 
lUioii’J oi Education in Ch>i'l‘r;o|',oim\ tncb.i (co-tmlhot) 
(l 9 7 ()), 1 1 ad H lo ‘ in I Wdu 1 s -it the i inn m An iety mid ( idle tic 
Students [1907), nod ninny others 

VN WANC UOO is piofciSfn at the tlutHMvl insti¬ 
tute Education, 1 he l.elhi. Re is piesuhnl n) the All Jndm 
■Si i"uee Teachei;/ Association ! uin.r»P , he wjs I'i 11 n i|i 
ol tht Pe(nnin! CoR he ol Rdm Minn, A unci and (/ran o( 
On 1 .unity ol Liluc,uum, I. Hastlian fhi'wisity, Jhupui flc 
is the uutliot ol ['da tin me In s and Picnic i/j m a In in in 
Indian Schools and C'o-niitlnu ol Rim.licIii.i S'uunae avl 
Mathematics Rdmslion 



‘Ain 1 ocionco 1-fliiCdiioii Hut,Pencil : Aii /'n.ilyMs 


Kcieuce education Research ■ 
Pin poses and Piioriitos 

Si N. Worn, hoc 
i, k, Sood 


I tic M^niIicancc of science has b ru laihzcd bv all atio 
i chic place lias been given to it in hnrmd educalKin flmin: 
_ itmts a is also I.t’inj made to popukui ,t* science Ihinupb 
iion-fm'iii.il education I-or the laat tluily ye ats thue has 
been fgiiiiiiiUit pniguss in the mean of sou ace < urnculiitn, 
science test hooks, piepauitiou of iiistnit tioiuil matetials 
and development of leievmit evaluative pnicedmes. These 
"changes wese witnessed not only m India hut in othot coun- 
lnes also Massive edeah; coneetning science euiMouluni 
'programmes wc-ie made m ! ( >60s t) S A is a case in point 
In due eomst of tone it avaimcd an international movement, 
fn India these rii iv appiojcht,, were initiated tin modi Science 
Sumnioi Inst'tliter, fhna- 1 h6 1 man', effo.ts have been made 
to aupaaim ‘lie svienu' teachers with the philosophy and 
rationale of die new s f a net. uimcahirn so that they i an 
make use of d m luchin,” and dcy ,, lopnif' silence (u’lteuiih' 
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These efforts have been proved very csdii 1 ft appears that 
the foundation is leady to i.uppoit lurthei giowlh and answei 
to many pertinent questions iaiscct fiom tunc to time 
Unfoitiiuately, the case is not as simple as it appeals app 
aniitly because suflicient leseaich support to establish quality 
teaching in sueme was never provided at the vLissioom level 
It is increasingly being felt that lethinking m S' iciicc educa¬ 
tion is needed Though the questions of accountability and 
humanization are most important yet some olhei questions 
need immediate attention of the piolession These queelions 
,ue 


l he tinning ol students aisay limn science courses, 

A feeling ui distinction between science and society, 

The value fiec science eumculmn, and Nuitunng the 
potential ueahve talent fiom diffeient social stiata 

Scope ol Science EducaUon : 

The above mentioned questions need immediate an i- 
wers so as to piovidc lele/anco to science education. (Am > 
venuomil uppioac'li to science education does not pay neb 
dividends Science teaching should not be taken as the 
statement ol the facts or a process of impairing scientific 
inhumation as it develops a misconception among the stu¬ 
dents Students feci that science eincigcs from the science 
teacher or science te.st books. Many schools and College;) 
nf Education aie presenting science as fac,(-oiiemcil discipline, 
there Ivy, delimiting the scope of science education, Some - 
times the shoitugeof science equipments, inadcquaiely tiained 
science teachers, and unimaginative teaching mar,; the spun 
of science and depict science aa dehumanized and inipeisonai 
activity, The scope is nan owed down to an unbelievable 
extent But radical lelorm is in the oiling Recent efforts 



i'kih' muu Ucd th it in make st ienu; education meaningful, n 
is essential tlul s< unco muitulum should lu* iriait tied wiihm 
{lit wide LUliuial and ,societal uhrc'aI ’1 lie Ameiknn As ui~ 
nation Im the Adwiikunnil o[ £\ iem i has vuv aptly 
mentioned 

. .. h LOiicems itsell with the quality of man 

ji'd tin quality ol human lilt a in 1 de'ntes dself not only to 
dncoveiy and dissemination >>| suentilk initlis hut mou‘ 
to the humanistic values” (AAA 3 , Coins d tViccling, Id / 1 ) 

Si mi la; lv tlm IJNI'dCO Commission on fdikaliou in 
thill I• |>0It, uiulleu, [ earning to l<'i ( 1 0 72 ) has laid 
emphasis on the new uppi'iath to torn c education m tin 
iolluwtnp winds 

“Th- ntvei eimi e euilnuon m sm in. ■ mala , Uaditional 
methods ol teai Inn;; lets and Its" asuptalln We cannot 
hope to ubsoih the knowledge explosion ny cianinung hiams 
with mem sc'crililn taels and hy lomoving out-dated suh|ects 
fioni the ^uufc.ihmi c >n the eonLaiy, science tcaeliiin should 
be bast d on a piajunctie seaitli tin solution!, lo pioblcms 
ansmg oil 1 o( the mn iioium-nt either diieclly (torn reality oi 
deuved from model*. 

Vei / aaet.ily, Rais Ahmad (l l d/ 6 ) Inis visualised the 
Hghtlul sole of se ciilc ai nautma! development IUe says, 

11 7 !u hndges (lefivee'i theeny and piaetiee, 

and I'ctw'en sceiue and tochnnloy^ on the 'iiu hand and 
aspii.ilions ot the people on tin, o.Iks hand, should l' ; buderu 
hi make ed/nslK’n .eleumt to soem! ikid.s Seienie ednea- 
tion should nil'll tli.- oh|eclives ol u'l/uitiun win* h 'no'e been 

'dentilied as heme t aseniml .., fJekPee education runs' 

share (1(0 lespt risibilities of cd'ii ntion in tin I idlest sen 1 ' of 




woid (t must be bated on science as pan of human cultinc, 
so that nti'/ens aie able to coinpiehnnd then etiviionmeut 
and to internet with it m a meaningful way while makum a 
eritical appraisal ol’ all die implications Science education 
must help develop the cualive facilities of the .students,.. 

In the lust pltue the intimate relationship between science, 
social sueme, and the humamlie's whmli wo obscivc m out 
envHonment and in uui society, should lie refleeted m the cur- 
iieulnm, particukuly at pnntaiy level . . ,.,,U is also essentia! 

to use the oavnoninent as a basis ol leseiiich and xnc|uiry ’’ 

Therdbie, a lontmuou, dibit is needed to present 
science in its pmpi i piespeuise adequately based upon 
icseaich tindingf). Rescanh fHidings will add new dunuisiomi 
lo current piadius, and ultimately lescaieb suppoit will help 
in building quality m teaching and learning ot science. 

Icadnug and Reseaidi in Sci.imx Education 

Theie aie many problems in science education wtiicli 
we me taring today and Ihtie is an uigeni need to batik 
away fioni the conventional appioaelies and develop inihutm. 
in new ways ol perct-vuig and defining the problems 

Science teaching is a complex task and to make it 
moamuglul there is a necessity to give to it the teseareh suppotf 
The research findings wifi piovtde additional dimension to 
modify clas-> loom teaching and to meet the challenges. There 
is an impeiceptible but unmistakable link betweui the quality 
of leieatch and the quality of teaching 'The researcher who 
is engaged in determining new peispectivcs will definitely in¬ 
fluence teaching by his findings. It is urideisuuuhTule that 
research is helpful in deteimiug the effectiveness of develop¬ 
mental programmes in use or in piogiesi; It is also possible 
to seek answers of unresolved problems in science teaching, 



'Ihns, those ;iie many functions ol <-du< ationa! ic-scaith 
helping ill‘'eby tin, teat her m the diiss mom msti iieiLun 
f'yler (196 5) has long Luck mentioned some funclions o! 
educational lesisiiUi hIui'h ate also applicable lo suenw -edu¬ 
cation iesecuc.li Ilicso (unctions urn as follows — 

(a) Fronde answer, to openannual questions 

(bl Assess educational programmes, practice:. and umtennis 

(c) Build up a body of inhumation about educational 
enteipiises 

(d) Piovide tin; out-look, stiiuuhUion and guidance lot 
educational innovation 

(e) Develop tnoic adequate thorny about educational pun css 

[ 1 1 us the pm poses of science education it ,catch aie 
varied and they seel: ansvvm lo the pmhli ms related to 
learning in science 'Iheie me many variables which inlciact 
with one a noth e i and influence teaching and learning 
Wnnchoo (19 76) lias veiy aptly described u as billows 

"School cduuilion is a multidimensional system It 
dep muIs on a huge nuinbct ol lactois winch impinge on cm li 
other, liac.li I actor has its own giowtb rule and level, 
updating under several constiamts m lias tuunUy Diuien 
sions ait , students, Uacheis, laciliues, academic set up, and 
udmini.stiative set up.. ,„il the aim of educational piocess 
is to shape the personality of a t liild so tluil lie can stive Ins 
luunt needs, can coiilubnte lo llu, nteds and developuiuit of 
the community and the nation ol which lie is a pint, and can 
Icam to le an alert leainct all his lilt, the mieiirlationsliip 
of various dimensions and then (actor, opeuiliiig i n a class¬ 
room as well as outside it, must bestudu J adequately Hence 
the need for educational icseaich 
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Pnoutie. 1 : in Sole /ill Education Heccjnch 

Tlicic an; vaunt and significant aicas o( science edu¬ 
cation which demand immcduite attention ot the leseatcheis 
tfnfoitiinmelv little lias been done in the liekl of’ science 
educciion and inueh ioniums to be done In rustin'; condi 
lions teseaich piogi .mimes depend on two vital tactois, 
namely, needs of the schools and the availability ol tin. 
expel Use l oitunatelly anothei significant clement, vi/ 
iinaiiLi.il aspect, has been solved by the National Coum.il o( 
Educational Research and Itainingas well as otliei agencies 
by ptovnling sudicient amount foi educational reseauh 

f oi science educators tins is the most appiopiiate time 
to coniadu tile ivoi tlnvhileuess and uselillness of science 
I'diicntioiwoscaixh in the light ol national needs and the 
dneetion in which the national thinking is going on "to map 
out the lot mat for sucncc-i ducauon-iv.t .rich, thcie is a need 
to Incus the attention on tile pnoiitie,. of rescaiclt, based on 
the social needs, and the leqimentenls, io implement new 
education SLicccssfulIv, The inclusion ol si icucc and niathc 
mains cumpulsimly in ten yeat s< booling is an indicalot that 
we liave accepted that . 

1 Education has to he telated to hie, needs and ampliations 
of people and ii be an instrument of social change 

l FducaUon should help in piepanug scieiilitically hlei.de 
ciucens 


3 Semin e is an luninmentaiimn ol a mind < oping with mod' 
ten tec hnologn al society. 

4. Science is to be taught hum-ilmaUy lot developing laliona! 
ability and scientific altitude. 



Many .ueas of science education ate nrimplmcd and 
need immediate attention of the woikeis On pnoiity ha .if, 
we have to select the men6 v\Inch u-fh ct complementarity of 
u:scmcli and development home of the imponmil unis of 
science education reseat eh arc us kdlow , 

1. Sciciue and social rcl< vancr 

2- Science and productivity. 

3 Scientific liteuicy 

a Science as an instrument m developing rational abiliLien. 

5 Possibilities and effectiveness of mUgidfed sciem e/envnon 
mental seicnce/ducipline appmaih. 

6. Applying the ethos of ccmive to change final, iiitilihonaf 
'Mine system 

7. Teaching science m tiiial metis and identification, nuitti- 
iing of talented sutnee students from these areas 

8 Teaching science to socially and economically deprived 
children 

9 Using lion-formal agencies to apply science in changing 
tiaclitional attitudes or in treating scientific tempo oi iw 
spicading scientific literacy 

JO Pieparation of science teachers I nr pumary and secondary 
education. 

3 1. Developing scientific humanism, 

3 2. Encouraging multi-disciplmaiy icseareh in science edu¬ 
cation. 



It is high uiftc to ur;i,ml tiuilifnxial reseumh whit h is 
only foi ;lit- .sake < 4 ' research,, wliaieve 1 the 
•iiUifitifii 1 ; <>i explanation* may tv, tin icsenich in su< nsr <,du 
e.itK'i: should he (i'frttive mi r renting useful changes in nation s 
‘ Id-sioou.s ‘Tlcuico education i.housl be com i,rued not 
only with reseatdt but also with tin cnguieeimi; o( rescan h 
-,o that it tail be translate 1 into native use in the clnssioom 
It i" e v uLiit that let,eat_h a r ttvity if appinpi tab ly planned 
,i,id honestly conclm ted, can lead to increased ihuiiy c>( 
’bought and it will also lea h man in/my tnpi rente for the 
workes iii tlie I’teld- J 4 


(’i Iv/envea' 

\AALi Council Mooting, Doci inner 2'J i *37‘I Philadelphia, 
loairuntj to Bn-Tin Ward of Education Tulay cud 
Tomorrow, fcdgai f auie (ed.) UNLSCC 1 , Pan;- 1 97^ 

‘’totfiri'j Delhi 19/3 pp 145 — !h9 

Ahtnad, Hats- 'New Pe.spdctives in OV.ienuo Lrlu 
cation 1 ’ Vioyan SJnkihuk, Voi 21 No 2, April Juno 
1 D/b pp. 1 ft. 

Tyler, Ralph \l\l "The Field of Echicnliundl fioseairh", 
The Training and Nurture of Educational Researcherit 
Bloomington, Indinnopolot. : Phi Delta Kappa, 1965, pp |„i 2 

Wandroo, v.N "Development of Hrsefiich m hciorice 
Education' ijoyan Shikshak. Vol. 14, No 2 , Apid-Jnnft, 
1974 pp 1-5. 

doangesin School Science Ttavfnng Hehool Council Bui- 
in tin No. 3, Luans Brother, Ltd. luuclon 19 70 pp. 35 . 64 
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PART i Sctuiice Fducatior* Rewmicti : Aii Analysis 


Science Education Research 
In India : An Analysis 


j, K 'ioca 


Today, science education lOiiliouis wiLfi man/ pM?" 
ictus unci lespontubihlies. Some ol live piobleins in s* 'cne<; 
education are ■ lmw to develop scientific concept'', how tc 1 
prepare science mu'uculni n>aicn.iki, Iu,w to genciate soeud 
awareness:. about finite and scientists, how to tiurluu 
ueative laleni m ueiencc, how to e /a In ate leatnlnu and 

teaching «n science, ere Sonic td ike responsibilities id 

■science education aic related to rtlevance, accountability 
scientific literacy, determining the actual state of knowledge 
in science education, improving the stature ot the field, 
determining the location ol the frontier, determining the 
structure of science education, gent ■ at mg the theory of set* 
cnee education, and humanizing science education. In India, 
responsibilities ;n science education ate much more than the 

ptoblents tv-cause this field is new atul much remains A 
be done 

The Nature ui Science Education Research 

The responsibilities and problems m science education 
necessitate continuous dibits lo improve teaching tncthodo- 



tuj/y, uiiiiculuin and si tiool uiviiOiunuit One of the tested 
means to find solution's ol these problems 13 tn renew icseat- 
ch ettoiVs in science education. Those who rue conceitied 
nuth tesearJi hi suentu e.l'ucauon, .Iiouid tty in dctcuuitie 
its ilcmvnts and then influence on pupil leaunm* ii we 
come cbsei to lire leahties ol lesca'.i h tn science edtimtum, 
Wc have to determine the areas ol leseaich in seu net. cducat 
Eon and than io nidtcatc die problem 1 - (hat a-js*’ <n rad’ 
ol then'* 

UeseaU'h m Science education i. a systematic studv of 
problems that ale related to She icmniiii; and teadi n jj; ut 
science. Science education is an alert where iiuetadion bet 
ween behaviouial sciences and natuial science; takes place 
'Theieioie, science education research is mtei J-sc'-phnaiy and 
a le.stmdiei applies pedagogical principles m tile leaaiimi 
and tcaclunu ol natuial science 1 ' As science education is a 
hybrid ol the soual and natuial sciences, a icscarcher s’hotiM 
'possess tinder standing 01 both, nutital sue me' and soual 
sciences. 

Cune nl. Re .eaten m Science 'Education in India 

In India, eductitional research lias been aualy/ei'l by 
Adaval (1968), Ahluwaha (1973), and Buck ( Pj 74). All 
these authors have included science education ..'todies m then 
'ievicw, as us integral pan Recently, WanJioo ami Kama 
(1976) have analysed science education ic,earth, cunduitcd 
ut the M Ed level in diifeicnl universities. there is no 
single may which presents a "whole’’, view o< silence edimat- 
ton leseat'ch m Intba Suente edm alion icseauli m India 
is callnd out mainly by the educational agencies, colleges 
ol ech 11 anon ch the umveisities, imd I'uinidual siholats 



Some ol' the imponatu researches m science idnuuiui 1 
have bi'en Conducted by the National cornu il ol f'll.a'itamal 
Ruseaich and 'I raining, All India faience 't'.uhuV Avm< ia 
lion, State Instiluia ol butnee Education, ami Gutd ol' 
Secondary Fdiiealinn m diflG’eiU Stale 1 ! These agencies have 
attempted t esc .ire h m the hum of developing science unit• 
tuilum, picprinng science Lctt-books; developing msiiuuional 
mateii.ils 01 science kils, and piq/an'ne new tea hniciii's cl 
tvaluation. h mtanj mast ol the research aUerupis wen ol 
“developmenkil ' and "su vie-’' functions, 


Resent cites fm the puipuse of dc-gtee have been 
undertaken at the Ph D and M lid. lcvH'i The attempts 
at Ph D level ate tuosliy cur deteutiiimig snienitltc uptitude 
mid achievement in science Some aeseruchets have woikecl mi 
the area of science tin urn him. Saaena (1 960), Gupta (I 9 62) 
(loop Piakasli (196b), Seth (!<•)()/), and Hountia (t V J 7 0) 
tiled to develop and stauchidi/c attamment/acluevemciit test!’ 
in science Dave (1964), Despande (1967), Venktaramaiw 
(19TO) developed aptitude tia^t.s lot ‘.'hence, 


kelkar (19*10), Pat ole (I9C7), Vecmppu (l "t “58), 
studied oi developed science couises.. 

Sen-Gupta (1969), ffaqiier (1967), Naynr (1971), 
ttud Patliak (1972) determined factors differentiating high and 
low achievers in science, Sood (197^) has studied altitude!* 
towards science and scientists. Yaidya(l9/4) has studied 
some aspects of thinking among science students ol adolescent! 



At M Ed level, lipfuo.juiiilely J2S Studies haw tv cm 
t.Andmted in mathematics and ,*'55 iit Science education An 
Imitative analysts has been attempted (tuhli ! ) in (he boo Jr 

Research in Science and Mathematics Edunuiuti 

{Wancimo and Rmiu, ld76) 

TABLE I 

Att;as> of Uescaicli Total I Jo. ot Studies 

I Mathematics Education ... ...,'3'35 

>, Science Cumeulum «o itiii'idiit, i«»i 4> itmiHt jo »»«< J (i 
J. Methods o£ reaching Scicnc e ................ 

4 Inst) uUiorwl Maienal....... ...... di 

5 Science; Evaluation ......... .... 

t>, Prepaiation of Science Teacher: 1 .. ... 8 


Total 5<H) 

Individual scholuis have earned out many studies 
Some ot the. example:- are as follows. 

1. Survey of Physics Teaching in Rajasthan. 

2 Mathematics and Science Education in Indian Schools 

A relationship between Attitudes and Achievement in 
Science 

An Anal y.-iia 

R esem cites attempted in atcieiue education have hr eh 
analyzed tn this papa . Most of the studies tall in one of the 
following categories : 





I Developmental studies 
2. Sutve/ Studies 
J. Test Ooustiuclion/evuluatioii 
4, Different methods of teaching 

Developmental and suney studies were of ideal Mgmti 1 
caricc for a counliy such as India, It was possible to deter¬ 
mine the e,stating alatus of album and to piepaic cunuulur 
materials Thecuiritul.it roateiials picpaicd hy the N.C U R l 
A.! SiT A and Bouul oi' Secondaiy Ldticntion., me of gieal 
utility, Development of science tevt-hooka foi pnmaiy and 
secondary school Mage (iiepaiatiou of instructional rnateiials, 
and new evaluation techniques, vv c 1 e the niost promising 
attempts It will be propet to realise that mod of the a tern c 
impiovement efforts were not s tailed .u itsecuch .studies, bid 
opetational programmes, reflecting the philosophy and tat- 
lonale of new science uiniculai materials dr,eloped in ad¬ 
vanced countries 1 hese piogiumnies ate now getting indu¬ 
genous flavour and systematic new approach., 

Most of the science education tc.wat<-h lias been con¬ 
ducted by the degree students. “Sucft (deatUi is uecessanly 
huiried and hanitd.’’ These studies are done for the purpose:- 
of degree and than forgotten, without using it 

Approximately twenty live peicent of the Mudies arc 
fact finding surveys and lacks gemualization. 

Mote than forty pa cent of the studies me related 
lo the development ol achievement test. At the Ph D level, 
this percentage is much higher, 

Some ot the studies have examined opinions about 
values, objectives, couises, equipment, and text-books, Chew 
studies arc not attempted under any theory. 



Some ol the studies Inve computed dilfcuent methods 
Of science teaching without any conclusive evidences in fnvoui 
of one 01 the olhei method 

I here is u. deal th ol longitudinal studies, spit-ad ovu 
a sufliLient span of tune 

Some initial attempts have been made m the aica of 
uealivny in science, understanding ol the naluie of science 
ittitildes towards science, and Piagetian thinking. 

A critical study of one hundicd dissci lations iiy I he 
authoi shows that leseaichtn science eduralien is fnigruetitaiy, 
■itheoratical and each iescort h cllorl appeals to be a sepaiate 
efloit and it is dillkuit to gmomli/c tlu* findings ot different 
studies. 


kempa (1')6f>) has iccoided some observations on 
scienir education tesoaroh which is tine m tins cast also 
As such the uiticism is as follows . 

1. The absence of an adequate theoretical ftaniowurk 
underlying much science education icseaicli 

-- Methodological shortcomings m the design and tin 
escvution of research studies 

3. Inadequate attention to science-speutic problems 
of learning arid to the cinuactentics ot the science 
IcaiucM. 

Thctc ai>‘ no cltoits to develop models and theories of 
science education. Ilieic is dearth ot suitable instruments 
needed to conduct evaluative studies, measuring cognitive, 
altectnc, and psychomotoi aspects ot lent run;• It appeals 
* bat researchers are not prepared thoroughly in fha und.-r-- 
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standing of the academic fields in science education, psycho¬ 
logy of learning science, application ol reseats h techniques 
and btytistiuil methods in science education rcseaic.Ii 

Mam Areas ol Research in Sr ieu< e I' dia atiua 

With (he emergence and development ol new aie.us m 
education, the range ol topics of study as well as the lech- 
niques used have widened, ’thus, studies concerned with child 
development, sociology ot science, nutritional deficiency and 
learning, brain development and learning, learning and cultural 
impact are some ol the areas winch need rostarvh attempt*, 
with mote vigoui and mueacmg licqueruy Some ot the 
otliei areas of research in .science education may be attempted 
on prionty basis These areas arc a> tolknvs 

I [.earning Science 

(a) Concept formation m science. 

(b) Piagetian application and concept learning. 

(c) Psychological considerations for teac hiug and lean,'- 
mg of science, 

II Teaching Science. 

(a) Strategics o! tcaching/Mctbods ol teaching science 

(b) Teaching Style. 

(c) Classroom infer as. tion and learning of ,science. 

(d) Micro-teaching as a method lor preparing sciruw 
trachci s. 

(II Curriculum in Science 

(a) Cuirmulum development in Science. 



vs 


(oj Science ten ijoois and '.n‘;u ik i iojkiI material;' in 
Si u n< <. 

p) Siaciiw Vuiiiuihuri cvalnaticr 
i[V L valuation iu Si miiai 

(a) fivnluu'.iou to Iijujii ■: ic-i me.ismin;', aitlcrcni aspects 
oi Itamtiie 

ib) Population o'< evaluation in annnesits 
V Miscellaneous 

(ii) Development ol tncjticix/vnc*>iie:> in science edm atior* 
(Jit f'Uiiuniip, llv. ocubve talent ?n sucnee, 

(c) Mcutuninj' social aspect'-of s- icneo 
VI (a) Sociology o' scenes 

lb) Sociology ol m k nee education 

P’l.mnnn loi tin' Fl< t‘« ii* 

Ar. analysis u( silence- education restated indicate, that, 

1 1 has been gtided by pcuoaluts tn education o; psychologists 
Science education icsenreh ir. India, is in Its infancy and science 
educatois have to hu.ld tiaditioii' ol icseacrh In College's oi 
education, si icme education is genet ally equated to inethock 
of teaching science and in its statute it is always suboidinate 
U> psychology, Science education is to he established as a 
icpciate submit Hu d (1 ( )7 i) has \ety aptly said, 

My fust plea is that we need tn establish n>oir coni i- 
Sidy a theoiv ot science tt aching, a philosophy, 0 
Uitionalo, a noiniative state input, a point ol view, 



what evei term you prefer to use We can eoriliibuU 
to the improvement of out tick! I>y opoMtij’ mu edn 
national them tea to philosophical < u(k ism 

Itbeiojnes evident that Mdeiuv, edimatum tcsiauli 
should be based upon a thcoiy oi a model to nnnimio 
the weaknesses ol rescan h so commonly committed by 
the lescaieher ; m an absence of a model. Auordmglu 
Gjjc (1963) a well designed model helps to chuity 
the lectors that have been isolated (o< investigation. 
It the relationships among factor,', are* presented m 
graphic ot outline foinij the dynamic stale o( the model 
can also be tepteseuled 

In India, both, elucidatory rescan.h as well a., evalua*' 
bve* studies aie needed. These attempt., will prove useful in 
establishing the theoiy or paradigm of suem e education and 
will piove the efficacy ol the science programme t launched m 
the country, 

Developmental programmes and research should go 
together, These are complementary to each other and shall 
make research operational 

Imaginative and bold research designs should be enco¬ 
uraged which will help lire teseaicher to investigate the mteut- 
etion of factors that both facilitate and mteifc»r with th' 1 
learning of iciente. 

We .-hould improve the reseatch competencies of science 
educator-, Research competence should help in .solving many 
problems with all imagination and systematic research me 
thodology. M. Ed. science education course should also la, 
improved hi many aspects. 



Scieliu. education ureaioli should he a eollabniative 
"11oi L among 

(a) uvauther, from nutuial sciences, science tilu- 
u.Uus, sot loloi'ist':, and psychologists, 

(b) College: t.l education, Stale Institute:! ot Science 
FcliKation, and Bonid ot Secondary Education, 

(l) Sucnee educatois and i eience teachci.s. 

(d The N C Fi R T, and the EiofesMonnl cuga- 

mentions’ 

Sconce education leseuich shall be synthesi/nl ugularly 
rid it should tic dilfused clfecuvely Hete, il will be useful to 
mention the efloits made by the Uadicr' College ol Columbia 
Univeisity and E H I C. at the Ohio State Uruvei* ily, which 
have published all ieseaiches attempled in yicnn cdiienlion 
in the hist handled yeais Theie is a hope that such attempts 
.hall have muitipliei eh'e< I on Science Edue.ition in India. 
Howe (1966) has ecuy co'ictly suggested thill science 
education should be concerned not only with teseatch, but 
engineeitng of icseatch so that it can b< tianslaied mlo active 
use in the i lassi oom 
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Research in Mathomafics Education : 
An Analysis 


C(, M Fhordw/oj 


Dining Hit List fitly years Mathematics has deyi loped 
new concepts is well as a new meamiiglnl laui'iiai'e 'I he 
Secondary School mul hematics is (he banc siiuuuu. on 
which (he whole t.upei siiueUire of Mathuiuiln Fliysmal 
Sciences, Social Sciences and Technology m (he (Jniveisitu*-. 
-and technical institutions teds. Thcteloie, it is nesnaMe that 
the new niconngtill language of mathematic s should penmate 
lo the Second.uy School level. As the loquiiemeiits ol (he 
‘subject have been changed, it has become mvessaiy to a think 
on the Micoiuhiiy school mathematics 

The n a Hue and rhe thief Chfuactu lstiu; ol mathematic i 
iuoh it abMuitlnevs, precision, gnneialiiy, hum a I ualmeetc 
should nilloenct tin: teaching ol secondary s,< Imol mathematics 
hi these sla.,sioom:. the maLhenialics has urn long been taught 
by the tide o{ thumb methods, h ha* almost hen taught 
nr. nicelnn’it. is itiii '.lh M‘ an Uneducated j.tison in a mi.i'.i 
workshop But the new points ol emv' me ne.e j <m sse m 
mathematic" 
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have |>iovokcd a ievokiiion in many countries during the pasi 
tie' ade Che *1115111 fieri in <■ of modem nialln matn s as a pail 
ol oui ht ienlifie eulluie has been established U icpicsenls a 
vwiy ol thinking that should In mukiMood by oui suondaiy 
school teucheis These icsponsihililics and piobluus of malhc 
Hiatus 1 din.at 1011 necessitate c ouiiiiuoii.s elloits to irnpiovc 
leaching jni thodology, inullu matieal understanding, evaluation 
111 mall em dies mathematics ciiniuilum and the functional 
Ihmknig in mathematics (inly rescue'll 111 in ithemaLiss 
education can give ut. guidelines tor improvement ol tilt" 
laetois menl'oiled above 

An altcnipi li.us been made in this pa pci In review the 
lest inches in Mathematics Filncation 111 tJ S A ,U.k and India. 

Research in Metluin tics Ed cation in USA 

Rescan h in milt he run Ik edm at ion litis been elitu add i/eu 
ty Eombeig (I9li9) tis huge in quantity, pool tint unpioving 
in quality, and diveise (2mm a llioueuicl of inalhcnuities insl- 
1 lie lions have been icpoitcd The pool quality of most 0 ! the 
studies has been aUnbuted |<> too much inteiest in mathe¬ 
matical component, and loo little concern I 01 evpeimnenlal 
design, measuiemenl, m umilysi* - 

The icseaich rcpoits have been catcgoii/ed iruo the 
following eiglit metis: (l) Mathematical learning (aim an 
association learning leamewoik. (2) matlicnuiLica! learning 
itoiu an activity learning iremework. (3) mathematical problem 
solving-a ciealue behaviour, (4) mathematics leaching; (S ) 
the elfectiveness ol insliuclioiml programmes. (6) the associat¬ 
ion ol leainti characteristics with mathematical achievement, 
(7 Attitudes towards mathemat.es, and (8) I he evaluation and 
measuiemenl ol mathematics achievement. 



’i'll**(* i'• 1 >> iIim; " 1 fc'i t Hit r ,(iiii|il;itioii cl 

u< Wli mi itr M c lii 'll if! i ‘y lii'- n ft i c/i :■; (!.'/H >.! I m (In 
caily lyfio’:, .j,i<I Uk I’ron'iio 11 .tc<< ‘( jml uodw'ni ul 
inalliciiMiii s i Iiii'iM ii a;. I ;<;v* in’Iniv .(a 1 1 > v'»1 1 ‘>u u 11 ;:ln<(t ■>, 
cl (he Ii'amnm fill " .i' Imi", cl in.'Mi ■trial".': 1 la .c r, ciiMiki ■ 
ililc ay,ic,i mi ii' ahi'iil v.ii.m .Imulu In tnujdu Iml mu ulmm 
f|OW it sIumIJu In' la' "111 Ii dc, lev'll'’.), 

Si >ioh . m ■ i k is 1 >l m;>111■, iiim,iii,.ii hi ii .\ i.in i 

’-las'.mci! i im> iliif l - u., .(I) : It in iii ; iclm f l<> tie-dlu m, 
iii’is ol i i.atii.ii.'iMl i•'i i.iniiiic:; (?) midir, uldol m h ,ir. 
ii'.i’s ,t(.iilu'l' 'i'ki <i I >i 1111, i in ii ill In in uii. 1 : Icji imr , anil |j) 
MLillies ti'liilid a r ' ln.iti hi "ml im.asiucmt ii! of muilkin da '« 
'Uhicvt’mi Hi. 

fi'iuniiof P.'aS.'id d to <!'.<, I:/,foclivoiidr.; uf 
liisdtici lion^il K-ocfiVMrimes 

r l In. i" of J .i t 11 l1 1 1 1 1 11 ' n loi ivi imocniuil iii.filo 

-In.’ fiiiii.l oln'imis loiitnl.iiiion In i d.mj'um - JuLuiumul j'n'i- 

i'-'J'i Vill II l V i! 't'I'll 1 "’ I l 1 '. IJ.liVl , "HMIMIutlU , l \ | a * 11111 1 
ci'lal) hiii. n-an >i''ilw.il il'.’ii in ill" 1 1 , lii cl did ,i >,lik ct 
instrI’cmoiiol [uni'Miimici, r (lr ,i: "imlm, ai pauiucm. Inc, me 
c! |"i"i quality, 'flic 111:11 < • i iciisou is ilia! (In i. m ,h, |) U , 
pi i nisi t ly mil u'sk'l ii 1 lie qn vliiy id tim mum m,,, | u( || u . 
ilil'UHiliy of the tin 1 1 lie|iic ami not in dm , laimm; in 
bchovi'im i'ji' 0 'ii'i eJ. 

Wluli' I'valiialiiii' iho niMitn n mid (un/'t imim , UaviS 
(It 96 S) tempi y ui' 1 ,( i ihol die dm i tily cl i la/,11 11in adiviiv 
die miouiu ni a, |c,c 11 1 ,1 c111 |i.'uik i|i;i111 it i and i m * t< <*11y* 
dassiooiu i \j,n u nu_", m; cvicl n-1 r . in sh pp<.rr dm i llnai.ra-,s 
of Ilie thud and fouilli y 'c, id Madm. n S'ic, d ',n\u\lt, 
( 1967 ) • tiunmad flu ■lu.-.t n| a, f- tiu -.I madu m da .m 
cnaUimg di'imlv'iinlajy.d ck m, nlniy adioci , | u I«!m-m 
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Studies Rfdr.tetJ to Learner Aptitude and 
Abilities to Malhematica learning 

'I lie psyeln>liign. 1 ! >.k .1 of miliMilu.il dilleiem 0 , lias bn u 
desaikd by 'dlolutow (1965) a 1 , an “U^iy li wi eiitlam" (11 
.onliast to the Imye ' oiume <>t ( ut nuila 1 Mink.., only 
a ftvv studies line km done icecntly on nkiitilMmt 
mat.heuKil.itat aluliht > '5.lie Mudi>e in tint. li.ld iiieludi* 
sliuliis tlojie by Swedish psyehulogist Weukltn on mallkinn 
ln.nl ability (l')?!t) ;■ <!• 1 jieoinctiwil abilily (1961) 

Hi dkv ( i9t,:,), We ,lluouk {I Ofi'i) and f cum and 
Kim (I'Jfib) hn. studied tb- l.m.nn allot tins’; mulhemutn al 
jbilttv Ki Kiln.iislnp between iiiatkm itu ■ atm ie;uliiii' 
ibiluy has been studied b\ Sn.uli and Ueddoin (l‘)64), Kane 
and [l.nci (l l )fiS|. C til and Hun'in (1966) and 
Gilman (196/} 

Althoiijdi many luvsiiiMtors ■ tudied aitittkhs lowrtidi 
inalhemati’, s, evidiiiu. 10 mi pj<.■. 1 tin. tlann t«l iiiipinved 
altitudes is still nua^tt a deeado allot the ntnv prog 1 ,amines 
noie iiiIhuIuloo Aialii (ivmi) pit-paied a i.utdtil uitual 
sevtesv o< 99 slmlic on uliiuulrf toward, tnathom itn s 


Studios Related to LvaU.alien and Measurement 
of MaHiemat iu> AethicwanuuU 


'(v\.t son a.'tu non in unitlieinaues 011 'he i>a ,is o( 
elnsMliMUieri dI id'ii 1 Pees snadai In thal onllirkd in Bloom’' 
Taxonouiy ha:i been dorn by i psIi-Mi (i" 6 h’j J tUnnki, 
(1967, 196!;} am! P.unU.io »j tii 1 |Ml 'in: 1 Worn) 

( 1967) hdk •!*„<,au • m ;•»f< 1 *- **■ *' 



Research in Mathematics Education In U, ^ 


'Hie main i clear'll emphasis m nnUicmaims i duration 
tu U K. continues to he on ihe syllabus, and Urn curriculum 
al both pMimiy and sernmkuy levels 

At the secondary lewd the MatUemrmcal ^ssountion 
( 1968) analysed the syllabizes of the 12 major Bluish 
CuMimlum Development pmiects and showed that although 
there is a maiked duitmiecim.nl t>,cr tin- stqueming ol the 
content, thcie has been various attempt', at devising means 
foi enabling teaeheis to plan Cimrcukun sequences, and 
good examples of these me by Listei (1970) and Vaughan 
(19 71) using flow diagiams and network-analysis respec¬ 
tively. Bid tliuc is an obvious need ioi mote f-tmctiual 
lesetueb on the implication;; of adopting vaiious types of 
sequencing One example of tins type of research is that ot 
Armstiong (1969) who compared tapic spiralling with 
area spiralling. Spindling whether of topic or ol aicas it) 
am approach toward., solving the ptdLlem ot -how to deter- 
mine a one-dimensional pack through the inuiti-dimonsioual 
Held of mathematics. 

Another research area conceit! i the individual child 
and his learning, and hero one can see a ttend towards 
identifying those abilities which aic iiupoUant in being able 
to peifoim mathematically. 

There has been little research concerned with verifying 
Piaget's theory, compared with the heavy emphasis on this 
in the early 60’s, Sullivan (1967) and Fogslman (1969) 
have cairisd-out an analysis of Piaget’a conttibution to 



'education. Mote sfttn'uiuu • t st;i ,fi* t, by fony.lmati (!>)/(.)) 
and Biyanl and r i mbasy ( I ')'/ 1 ) huv lio*. ci i Ik -h .vui ,hs- 
iiun which many fee! v dm •'u* '.r.s»• *!k<I imbue ol 

nun li <d Tiagfi\ wot I,, Brum i *. i : 1 i') r -'‘ ,, '| llc (l * i’i i ;^' <'; 

“The Chowih of Logical iluekim;’, • e •,(.<!] jclcv-ml and 
makes mteii'Uin/', reading !i< ie, and d s,--ins 14 , ly (hat luoie 
jcseuidi it'sulli will a,>),■;,jr soon. In 1 J 1 , same ,i* m b! 1 tup 
(1971) oilers ll'e la lest dc ( elopei'uis in lie, In itruK It j* r 1 c- 
ing iheoty which shook! rlunv du second uy icndiem Uni 
not c\eiy psychologist is chcnntd wdii {■<t nkli y .up. childun, 

A ticnd 1 :. seen by the uiiini.c m mtnest lot the i.L,;t 
ol menial abilities. The ;• u-uclit", of HiUiouv (l?07), 
Law (1969), Richard;, ami itnltou (1971), ILm, IVnfnld 
and Penl'old (1970) ami I 1 >t• • lm.m ( 1 'ifilij vupi. nil concerned 
with the relationship betw?m uuilhiunties and vamms 
mental abilities. Land and Hi,hup (''it'd!) followed on the 
woik of Me Failane Smilii (ibo'l) with a seta , oi c pcuinenb 
concerned with the visual abilities nml rruuln mail teat,lung 
They eunsislenily found that sp.uml abduy ,ind nnUminatieal 
ability weio highlv uiiudatcd, and shuw<d liuvv Uii-u ahilmes 
could bedcvrlopcu, by cut Judy chosui ■ 11 ■-111 reel mahnalh, 

The thud main aicn of teseamh activity m U, l' is 
the teacher and his methods. This men has mceivi.d slightly 
less attention than the others, 

Biggr, (1967), l rind mid Bishop ( ( 969), Dean ( I 97b), 
Orlov (197 1 j have explored f he m 0 tic -p 1Jen tail 0 n method 
vannble while kichauh and Bollon (19V)), "fakuba (l97i) 
and Land and Bishop (i 96‘>) have uivc.'Kif'iUed the sequence 
method vaiiablc, Whctltr (1970), Goinatd (1‘JhS), WiUhtan 
(1.969) and Hirst ( 1970) have crempliiy the change m 
emphasis from teaching mathematics to helping pupils 
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develop. To use Bishop and Levy’s ( 1968) Cutegunaen of 
teaching behaviours, they me coneenliating on techniques 
(of strategies as they me sometimes retailed to) rather tlun 
on methods with the emphasis on the individual teachei's 
decisions invohed Bishop (! 9 70) lias considered the decision- 
making model within the context of teacher training, and 
Barnes and o the is ( 969) have cat tied out some fuemutmg 
(and non-quantilied) analysis of classioom-inteuictions. 
Interestingly, also whereas the emphasis in the USA. 
seems to be on quantifying aspects oh the classroom intei ac¬ 
tion, hete the focus is on the quality of the interaction 

Research in Mathematics Education in India, 

Research beat mg on Mathematics Education in our 
Country is neither sulfa, lent in quantity nor commendable 
for quality. The bulk of die work lulls into the category ol 
studies which bear indirectly on the methods of teaching 
Tlieie have been a total number of 33 5 studies in mathema¬ 
tics education at the Ph. D and the M. Ed levels in all the 
Indian Universities fiotn 1939 to 1966. This number also 
includes the studies completed in Rajasthan and Kerala 
Universities upto 1973 The number ol studies conducted at 
the Ph. D level is only two. 

Research studies in the field of mathematics education 
have been taken up by thirty one Universities in India during 
the penod 1939 to 1966 The number (3 1) looks promising 
but when wo analyse the studies, we find that in only 
11 universities the number of studies rn this area of mathe¬ 
matics education is abovt 10. The highest number 44 is from 
Madras University, which tops the list. 

One of the requirements of the M. Ed. degree in the 
Indian Universities has been the submission of a report or a 
dissertation as partial fulfilment of the degiee Barring two Ph.D 
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thesis, rescuA studios conducted at On. M H level alone 
are available The mu".tigiibos mostly beat on common 
problems m the lie hi oi m.if henna ics edmatim. Studies 
concluded by Cue students ol iVS lal having muilieinuUc, 
backgioiiiid have been cl.is;,died m various aieas. Achieve¬ 
ment, Diagnosis, Mathematics leaching, Ihichwardtu ,s, 
Failure and Evaluation, Cuiriciiluin, Malhunaltc.il Undct- 
stnnding; Text-books and Teaching Aids Aliunde, Achieve¬ 
ment and Socio-Economic Statu: Aliunde lowaids Mathe¬ 
matics, Intoiext, Intelligence arid Acluevcincnt, I’tofesstonal 
Pieparation, Status of Matiiematn s, I unetional Thinking, 
and Contribution of Indian Mathematics Some of these 
studies often end with the enumeration of ertois m the 
causes oi various difficulties without pioeeeding to at live 
at any peiceptivc conclusions oi suggestions touching on the 
basic reasons Very few expeimiental studies have been 
catiied out. These ate mostly <>[ the action teseaich type and 
cannot lie considered sugnihcanl contubution to the theoty 
of teaching mathematics. As the content ol mathematics is 
univeisal unlike that of some othn subjects, duplication of 
leseatch could have been avoided, but unloiInnately, most 
of the leseaich scholars in one Univeisity seems to have been 
unaware of reseaech developments in othet l biiveisities in 
the country. Attempts to integrate the findings are, therefoie, 
narc and no studies cun be traced which Uy to lest conclu¬ 
sions to ear her woilc. Many ot (lie studies constitute landom 
attempts and adopt a fiagmenlaiy appioaeh to the pioblcm 
of teaching malhenuities. 

Trends And Gaps In Research in Mathematics 
Education 

Speculations about what will happen in future aie 
always difficult, However, by piujecling work of the rese¬ 
archers in the field, certain trends become apparent. 


fn(J S. A, tin; largest pen enrage ol feeein suulic'. 
are Ph D ilitsn Litmus the ruimbu ofthe.se is increasing 
every vcai Srirnuurs (1967) icpoilcd /“> Doctoral dissn- 
htiori'i in niuthrum'lics education in 196*1, Manugiuni and 
Mmiii; (19t>9) found 97 Ihosca m 19bf>; and Weaver 
(1969) lepoital Id/HicS'in lor 1968. In India bailing 
two I’li f> fh'.sis, ruse in h m tbo field ol inatlicni.ilies 
eduuiiioii has docn earned om only at M. Ed level in lho 
foim of M L d. dissetLa lions. Jo all 33 5 studies have been 
completed in this .lien dm mg the pc nod 1939 to ldoti. 

Romberg (! 9(;9) has v/sualimd (but tiends m prog¬ 
ress of nuilluma!ics education icscarth: (1 ) there will bn 
more iHoguiiiimefio rcscan-h, (2) there will be better euiii- 
uiluin evaluations. and (1) tlnn; will he betfei tests dt vel- 
oped For use in matlieuruu s education The ie catch lit 
the aiea of mathematic*: aim alum m India projects the 
following Conolu .ions 

(1) The quantum of icscarch i n mathematics educa¬ 
tion m general and that al the primary level m particular, 
is very me.upe [Towevei, m recent years, comparatively a 
greater inkiest seems to prevail over reuoatch m pioblerm: 
ol mulhemulies education at (he pi unary level. 

(2) The quantum of research in the tuui of touting 
is comparatively laige but m areas such as history of mathe¬ 
matics, professional preparation ol teacheis development u( 
mathematical concepts etc. is negligible. Undoubtedly 
testing is an impoifani aica but too much importance given 
to it seems to have odveiseiy affected research in other 
scctots. 

(3) The quantum ot expeiimenta! studies in almost 
all areas ol research such as curriculum, methofds and 
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techniques of testing, preparation and use ot instiactional 
material including test-books and teaching aids, psychological 
aspects ot training mathematics, and so on, is practically 
negligible, Iireepl one study in the urea of methods anti 
techniques of teaching, all others belong to noixnaLivc type 

(4) Rescind) in areas such as program med insti action, 
mass media coinmunicalion, etc , do not come under the 
pmview of reseaich at all 

(5) Although behavioural problems in mathematics 
classesarc quite common. There is only one study, ‘Cheating in 
Malhematirs Classes’ that has been taken up. 

Thus research in IVlalhcunatics Fducation is vitiated by 
seveial ills. Veiy lew people m the held of research attempt 
to realize the need for research in this area but tins does 
not prove that our researcher are incapable to do research 
in mathematics education. 

Suggestions For Further Research 

A special etloif has to be made in future to carryout 
rigorously designed research woik m mathematics, and cute 
should be taken to determine the effectiveness ot various 
teaching methods which are practised at present and to 
ascertain then applicability according to individual ddleiences 
in pupils. New methods are required to be tried out in all 
the areas Research woik pinpointed on spccilrc topics lat¬ 
her than ‘general’ should become the pattern. 

In the light ol the above observations, a few suggest" 
ions for improving the existing conditions are offered- 

1. Research in mathematics education at the secondary 
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and piimaiy level should be developed. 

2 Research aieas may be developed with a particular 
reference to mathematics education in tho areas such as : 
Analysis of instructional process, Techniques for effective 
instruction, Supcivision of instiuction; and Pr-scivice and 
in-service training loi teachers at boLh levels. 

3 As research should stimulate and cause innovations 
gi eater proportion of studies of experimental type may be 
conducted alleast for a lew years to come. 

In this context, the following aieas of research in the 
field of mathematics education are suggested wheie the rese¬ 
arch scholars at the Ph D and M. Ed. levels may work. 

1. Development of syllabus including topics from 

modem mathematics, both for Primaty and Secondary 
levels. 

2. Preparation and use of insiiactional mateiial, work* 
books, hand-books, text-books and other teaching aids. 

L Prepatation and use oS piogiamtncd materials, 

4 Effective use of mass-media Communication. 

5 Development of mathematical concepts, 

6. Effective teaching ot Mathematics. 

7. Processes and techniques of teaching of Mattie* 

imatics, 


8. Professional preparation of teachers. 

9. Aims and objectives of Mathematics and Mathem¬ 
atics education. 

10. Learning experiences of the pupils at various stages 
of education. 



11. Piocediin.*:; and pioblems of cvaliiauon of various 
facets ol mathematics educational homo and n>a< 10 lord. 
and their follow-up. 

12 Deteiinitiation ol objectives ol teaching mathe¬ 
matics at : Funnily, Middle, Sceonduiy, Highoi Sccoiu.huy, 
College, and Uiuveistly levels 

13. Spelling oui the social, cultuiul and Economic 
factors that influence the detei ruing ol I lie pioguuiHiies in 
mathematics. 

14 A Study of iiiteidisLipliinuy give and take of 
matheaiatics 

15. Contents of question papers* A cutical study 
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Pait (! Science Curriculum Cvalnalicn 


i 

Formative and Summativo Evaluation 
Of Science Curriculum 


j, K. SOOD 


Them me many prescriptive uimculum theories, based 
upon I lie ideas generated by intuitive piocedurcsoi by Lite 
consensus ot a gionp of people. Snnilaily, there ate many 
tin ocular projects winch have piodueed a good variety ot 
lnsttuclioiul materials based upon sound pedagogical pnnti- 
ples. It is true that most of these ptogtammes provide suff- 
lciently lich mechanical knowledge about see nee and 
humanities. But these matetuh; aie yet to be tested on 
scientific ugoui to answet questions of accountability, 
leatnubility and teachabibly. One of the most poitincnl 
question is : How lar paihcular cumeuliLi mateimls help in 
gene i at in g humane enviionmenl where leameis develop sell-’ 
ticluallznlion behavioms ruth the help of tcachcia ? It is 
expected that these materials should prove helpful in develo¬ 
ping self-iegu la ting, decision making abilities based upon 
rational thinking It appears to be very tidiculous that an 
addition of just one topic or subject to the aheady existing 
syllabi nuke it innovative and effective. Let us think hypo- 



iheuuilly, that the iiv lusion ol yoga ot Health Education a- 
u compulsoiy school subject, will make ruiiiailum ellei five 
How hu such efforts will pmve ilfii uuom, without proper 
feud hack 01 icscarch suppnil ? 'flic lugn of muIi (lloifs 
appeals to be self ildealing m nalutu Kmulaily, there ,m* 
alternative projet t miletiaH available for ihc, Hut Hie 
question is How to choose lioiu the availatilc allu natives ^ 
It is not easy to establish the cupi icnity ot corns-.. ‘A’ ptese- 
ribed 01 developed by a |ui tie uku , hid tion.il agency nv r 
couise ‘B’ developed by anotlc i cductiona! hotly 

All these questions need sulliuuil cinfcncal evidence, 
to ptove the effectiveness of paiticular cutra'iiLit niamtinl , >, 
and cumeulum evaluation is the ino*.| appiopnatc answu 

How much change Ins onuiul since Independence. 

Since independence school uimculuin Iul 1 , undugono 
complete metamorphosis llhuls have bum made to make it 
relevant to' Hie conLempoiuiy life and mat tin needs ;,ud 
aspirations of people. These changes have been initialed ,n 
three levels, namely, at I lie National level by III National 
Agencies, at the State level by the State Boatd ol Seiondary 
Education, and by the 1’iofi ssional Oiganuaiions tu I94d- 
49 Umvcisuy Education Commission demanded a cli.nmc m 
school cimicula while discussing I lie (Jmveisdy Education 
System m India. In 1952-53 Mudaluu Commission piese 
tiled a scheme of multipurpose schools to meet the demands 
of evci indorsing heterogeneous school going populalioti. 
Consequently, many ol the school vvcie changed from single 
Hack to multipuipose Schools fn 19 4 4, the All India 
Council for Surondaty Education ass is Led the b tales to bung 
a change in school ciiruuda. In 1959 flaipei Conimitlce 
putforth many valuable suggestions to make school eumaila 
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meaningful ami idevant Most of the changes have come 
through the National Council of Ftluvilional Rcseau.li and 
1 1 lilting, since its inception m !961, Siunhuly, Education 
Coninnsa(-u (1964-66) nnggcslcd siriul leant changes for 
the impiovcmenl ol school uuncuhi UnfcntiinMely, the 
implementation was not adequate and most ol the eiioils fur 
lmpiuvenient wcie related to updating the content, Glaring 
the content criois, changing the ordei of topics, and adding 
a few new topics. In sonic of the states objectives of a 
particular subject wcie determined alougwith on lain changes 
in the syllabi. Most signitleant change was in the bom ol 
pupating new text books This cffoil was made by the 
National Council ol Education Research and Turning tluough 
national panels of text book wutcis, 

It is easy to geneiahrc that thine was on fund ament a! 
change and mosi of the changes wcie no! based upon 
research evidences Surpusinpjy, the clung:s we>c not based 
on any assessment of the school can a uhi. 


Concept: of Curric4jSus^ EdaSuatSovt 

It is essential that the curncular materials'fhoukl be 
evaluated to ascertain the feasibilly of (lie objectives and the 
usability of the materials. Such dibits will provide an in¬ 
formational source on the promise and piogress ol curiieiunin 
innovation and will be helpful in assessing Us own cLfoetive < 
ness. 


It is sufficiently cleat thar cvalualion is nol just testing 
oi the analysis of test results. Nor ir, evaluation simply a 
proclamation of good, bad, The final act oi evaluation is 
oneerned with a, judgement of worth, of value. Gumming 
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to eunieulum cvalu ilioii, it n also emu crnul with the 
judgement of valm; and of worth, Ilunl (iOfi'J) lias menti¬ 
oned, "Cuniciiluin Rvaluation" is a value weighted mtupi- 
etalion ot goals, odjcctives, tmb|eet malicf, Uachdbility and 
leatnnbilily ol ma.tenak and ensk in turn and cllutt 

Contem 110 raiy educational n euich mcnlmi.s Mail ' m n- 
culiini evaluation i:i a process ol diitieutiii;', obtainin';, ami 
providing eaietul mfoi mation lor lodging alteiuafiv.s (Stull 1- 
chemn, Daniel l; etal). 

Similaily, Sniven holds dial, "evaluation is a methodo¬ 
logical activity which,,..... com, ids cd Mini ly in I ho gathering 
and combining of per form inoc dale with a weighted set ot 

goal scales to yield oilier comparative or nutueiical 
ratings, and inslificalion o| (a) data puthning lusliumait' , 

(b) the weightings, and (c) the selection of goals " 

Other workeis in tin; field icconl that eunieulum is,dila¬ 
tion is concerned with, dclet mining validiln's of the couitie 
and its potential open the individual and the society ” 

For the pin poses ol this pupa, u mm be geneulmcd 
that cunieiilmn evaluation helps the cunicultini pbmneis lo 
pidge the elticacy of tin. materials puulucud and then inpact 
on stLiduitJ m the Pams ot goals am! ,mns up r dim!, 
Cimiculum evalualion also seeks to niovide a h isis lot 
mehiug df’iMo.is among allot natives (l!emplu|l, ! ( )n/j It 
means eunieulum evaluation is helpful m impioviup, the 
course based on proper leedbuck and it piovules basis foi 
selecting the piopen materials from tin; available alteimiLives, 

Fro«jcss of Curriculum Evaluation,, 

Genciully, cum iculum evaluation is attempted when the 
cuiiieiihu materials an; in the Ima 1 mrui, namely mmlucl 




In irulia, this final form is a text book, {lately Uial editions 
are prepared and tiled out lo gel feedback Unfortunately 
tilde aic no icsearch evidences in India where utmeulum 
evaluation has been done, Whatever has been attempted it 
js in the fotrn of a “Critical Study of a School Syllabus,’’ 
whu h is just theoretical 


(t is hue that the concept of nnneuluni evaluation is 
not very old. Its recency is llluvtiated by the fact that the 
ohieclive evaluation of cmiiculum, fen the fust time, as a 
separate entity, was mentioned in the Encyclopaedia, of 
Educational Rescaich, 1969(Robcil EbJ, (ed) 1969) ‘inmany 
respuls the systematic evaluation o( curricula Is only beginn¬ 
ing to emerge as a leeogmzablc field of educational tcscmch " 
Objective evaluation of cuirjculum has emeigccl fiom the dis¬ 
cussions of Chtonb'ick, 1 063, McDonal Ruths, 1063, Has 
tings 1964, Scuven 1965. Ausuble 1966, Grobnian, 1970, 
Welch, 1969 etc, The willing ol the woikers in the lielc! have 
accepted euiiiculum evaluation aa an lnleguil and lundamentnl 
purl of curriculum development, not as an appendage, and h 
should be attempted in a systematic way. 

Scriven (196 7) has coined two terms Formative and 
Sumnmtive, to describe two types of cuniculum evaluation. 
Foimative evaluation tefers to the judgement of the material 
while it is in the making. Here efficacy of the material is 
judged m terms of teachability and learnability as well as 
the objectives laid down fot the specific coutsc. These 
findings are helpful in the improvement of the mateuals at 
the developmental stage, that is foimative evaluation directs 
a programme developer “back to the drawing board ” 
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Sununalive Evaluation is a systematK altunpt to dctu- 
mine I he atramment of the objectives of ihc prognunme 
as laid down at the initial stage tl also helps m iiuleiim 
the best piogiammci, from the available alteinatiu-:,. 

Evaluation of the complete poop,mime is fuithei named 
as m ono-evaluation, if all pioduud nuileiials ate evaluated 
in its totality, If there is deaitli of money ami time, micro - 
evalu ation is suggested, where small segments of the mm* 
culuin aie evaluated. 

Exemplars of Curriculum Evaluation Studies 

ft is not veiy easy to evaluate curuculai materials m 
tcims of the gams which cluhlein have earned and (he 
speed led objectives of the programme In tclation to science 
eouiscs there aie a lew questions What should be ihe 
ciitonn which can he speedically used to evaluate partiuihu 
science curriculum ? How ellective me these siricuccuim- 
cula intei ms of teaching and learning ? How fai a particular 
cmriculum in suence leads children to achieve proposed 
pm poses of science teaching? 'Iheio aie some examples 
which have given a line of action in Urns aiui of lesetucli. 
Michallis, Giossinan and Scott (1967) have attempted 
theoretical evaluation at the Science Curiieulurn Centie, 
University of Okhahama (1972) and developed a criteria. 
An adopted foim of this criteria is as h IIjvvs. 

i. Does the .material iclieci pioposed aims of science 
education ? 

.2. Does the material ret loci pi or css of science, facts ot 
science, and social aspect ol ucienec ? 

3, Dose the mafuial reflect specific objectives ? 

4, Does the programme Inis a conceptual liame-work ? 
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5 ' Are C0llce P‘uat themes used as the basis for organizing 
the content ? 

6. Is the programme balanced in terms of over-all sequence 
nnd content eovemge ? 

Does the programme match developmental levels of 
children as discussed by Piaget j 

8 Are models ol enquuy indentified and incoiporated in the 
programme 7 


lJ ' Arc tlle students involved actively m learning ? 

10 . Does the piogamme provide vanety ol learning activi- 
t*cs, (suitably matching inteiest and ability of 

child ten ? 

Does the piogiamme provide sulficient opputUinily to 
develop individual cieativc potential ? 

Does the piogiamme develop positive altitudes towaids 
the discipline, and scientists ? 

Docs the programme reflect the piopci use of Lhroiies 
of learning and ideas of instiuctional objectives ? 

14 ' ArC teacIllll 8 strategies consistent with the stylo ol 
thought and way of enquiiy used by scientists ? 

15. Is evaluation an integral and continuing pa.t of mstr- 
uction ? 


1 6. [s on-going icviwon implicit in the curiiculum 


Welbresser (1968) has taken a different position on 

:ir:rrr k ’ n - h,s expentncc ,s ^ed ou the eV ai- 

tlC Pllma, y Science Pioject-Scieace-A Process 


Approach. _He_conlends that the assessment of the effecti¬ 
veness programme should be based upon behavioural obj¬ 
ectives. Jn this appioach curriculum should reflect the exp- 



ectcd learning outcomes in terms of reliably observable be , 
UavJour which is nicasmable. Wclbics.icr holds that curri¬ 
culum evaluation procedure should satisfy the following . 

(a) Measuring the proposed aims nt the cumciilai project. 

(b) Each acessmenl task should he acceptable to the currr« 
culum developer as an evaluation ol a particular objec* 
tive, 

(c) Reliability and validity ol'data gathering insti uincnls, 

Tucktnan (1972) has supported and reorganized the 
approach putfoith by Welbicsset This approach comprises 
the following five steps.™ 

1. Identification of the aims and objectives ol the pi opt - 
nmme 

2. Restatement of aims and objectives m behavioural trim's 

?. Construction of content valid test to measure the be ha- 
viomlly stated aims and objectives 

4. Identification and selection of a control, comparison, oi 
ciilerion group against wtu< Ii to contrast the lest group. 

3. Dala collection and analy^s. 

Sanders and Cunningham (1973 ) have presented n ha- 
mewotk appropriate lor discussing and organizing fonnu- 
tive evaluation studies m product develoment. 

The framework rs two dimensional, with formaline eva¬ 
luation activity constituting one dimension and sources of 
information constituting the other, The formative evalua¬ 
tion activity vompiises fom stages pie-developmenuil act¬ 
ivities, evaluation of objectives, formative interim evaluation, 
and formative pioducl evaluation llnee maim soinccr o| 
formative evaluatmn .nlormatron have been identi/ied as 
follows: 



1. Internal information that can be generated by inspecting 
the pioduct itself 

2. External inlormalion, information concerning the e(fe¬ 
et s o( the pioduct 01 its components on the behaviour 
of students, tcachcis, and parents. 

3. The third is contextual infoimation concerns to the 
conditions under which materials are expected to func¬ 
tion. 

Hind (1969) has developed a criteiia to evaluate curr¬ 
iculum, which is as follows 

1, Course content validity : This valiudy depends on the 
basic concepts of science, then organization, struclurre and 
proper emphasis on investigatory and conceptual phases 
of science 

2, Pedagogical validity Suitability of the materials coiu'er 
ning particular age, effectiveness of teachability and 
karnabihty. The couise shou'd sustain the mLeiesl in 
learning and motivate children foi learning. 

3, Sociological and Philosophical Validity , This aspect 
discusses the relationship of science and society, Cutr- 
iculat mateuals should develop functional understanding 
of this relationship among the students. 

Another example is available hom the pioneer study 
Scie nce Ed ucation in Nineteen Countries • An Empiiical 
Study conducted by the International Association for the 

Evaluation of Education Achievement m 1973 . It is based 
upon the content analysis of the science courses being taught 
in participating countncs ( 19 in all), cross-national per- 
lormanc: tests were devised lot four student populations* 



The sillily has used an achievement 'lest on (fmlei 

standing Science (TOUS) modified fnim Inlerest in suerne 
Antilles towiuds fcience and TX^uipiiuu of flueiKi did¬ 
dling. ft is one of I he most smuiMe examples on Suericc 
ciiuieulum evaluation whcie mod ’ration of flic moie e\ii- 
eme views concerning the un-; ot tfie mechanistic msliuments 
on the one hand and Liu- impu-aMonrstic ubsoivoi'i on (lie 
othet. 

Reseaich Studies on Si icn e Curr n uliiiii f,valuation 
A Survey of the Sixth I ntrr untioiial Chining, Hulisc 
Report id Science and lYfathem ilic !’io|ecl (196N) indic¬ 
ated that only 19 out of’ (\,X Science Cumuilar Projects 
possessed i\.seurch evidence of sin cess m achieving stall d 
objectives 

Mai kb (1967) found tlial sludeiUs in Clietuii al Bond 
Appioach Cinii'e sooted siguificatly higher on uinc.d que¬ 
stioning ui companion to conventional diumstry cuui'.e. 

Gcoige (l96‘>) examined the contnliutioiis of tluee 
Biological Science Curucuhuu Study Vet .urns and enliven- 
tional biology course to increased culual thinking us mea¬ 
sured by the Watson Glaser Thinking Appraisal Instiument. 
The findings were not of sigmlicant drlle.ence. 

In a study employing the Watson Glaser Critical Think¬ 
ing Appiaisal, Her,on (196o) found low and average ability 
Students in conventional comscs scored significantly higher 
on one of the live sub-tests, Ricognition of AssiimptiuiUi, 
than did the CI1EM Study groups. 

Selch (1969) has recorded (hat there aic several prue- 
tial problems concerning formative evaluation and Minima- 
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live evaluation. It was iLCOided that suitable instrument*, 
me not generally used lot cumurluiu evaluation piupuses. 

Most exhaustive analysis of teseaich on evaluation has 
been attempted by Walker and Sehaflai/iclc Twenty 

six studies eoinpaicd students exposed to different curricula 
in the same subject on some measure of school achievement 

The studies showed a picat variety. Twelve of them 
were in science, five m mallinnaiKS, font were in social 
studies, and two were in Englijh In hall of the studies, some 
cntciiop measure in addition to subject maHci achievement 
was admini.ilered. The authors concluded that the following 
distinct lines of evidence tend to contioveit our intial im¬ 
pression of the overall supenonty of the innovative eutucula. 
First, the studies shoiv that the advantage of groups studying 
from innovntue curricula comes entirely float those studies 
in Minch the test content buu favouis the innovative ciimcula. 
Second, that sublet ot studies in which two agglomerate 
achievement tests were used- one burned on eithci direction 
shows that tuiditional curricula more than hold then own in 
Tests biased their way. Thud, that subset of studies in which 
the agglomerate achievement lest was analysed into presumably 
more cohernt and unified sub semes show cliilereut patterns 
of achievement on the different components of the achiYemen* 
measure. 

What these studies show, uppn.eLilly, rs noL chut the new 
curricula aie umformcly superioi to Lhc old ones, though 
this may be true but rather different curricula aie associated 
with different patterns, of achievement. 

The author of this paper strongly recommends a thorough 
study of Science Education in nineteen Countries , An Emp- 



iriuii Sludv, published by t H L in i 97^ lot an uiulmlaml- 
ing of cuiiicaluiu evaluation proems", 

If ns difficult In Mention the name of any s'i icmr cm in u- 
lar piojoct in India, which has taken foirmitivu and sutnui l 
lalive evaluation as ,ui mUgml pint ol uunoulum develop- 
ment. Most of the audios au, concerned v dh flu* (.valuation of 
textbooks us ail end product ol ourmulir effoits ) otUmU- 
ely, the NC'ERT luis aUempled f'omruive micoi-.''valuation m 
the tonn of one 01 two eliaph 13 <<( a science text book dunnr 
its writing stage. 1 lie propose w is to seek opmiou of tin 
science teachers about the adequacy and teccnty lit content 
Some rcstartheis have attempted 10 study a small pail of 
the cuinculuni, mostly for the dq.it-c purposes Send and 
Sengupta ( 1 0 75) have conduced theoretical evaluation of 
physics syllabus piescnhod by th< Bon'd of seentiduty tulm 
ation, Rapt',than This study has . 1 U 0 mrsismcJ under,landing 
of the tnluie of science and attitudes to.vardn sen me and 
scientists Similarly, Sontl (1 9/?j and, So.id mid Saian,v,u 
( 1974) have attempted to measure an itndoi minding of the 
nature of science among science students studying in eleventh 
grade. 


SUvIMARY & RECQMVlSN'D/rrnNS : 

Science umieulutn development and euruculum evdilat¬ 
ion is not us simple as people take it. Cuinculuni evaluation 
necessitates an action line fiom cvperti/e. Cuineculum (wiluali- 
on models me with us. In the U S. A diffoiciit s.ionce 
cunicuhu piojects have been evaluated successfully. Natio¬ 
nal Studies have been attt mpted, In India there is a need 
to accept this area as an important pail ol cduitition.il 
1 re rich. 
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[l is not diflicuU to present a case hisfoiy o( a science 
cuiricuhu pioject as an example. It will be sulliueiil iui 
this papci to gcneialue some unpoiUnt considerations inq¬ 
uired to do sutecssfu 1 evaluation. 

Most ol ihe icseaicheis and experts on euuieulum eva ■ 
luation agice on three steps foi cuunuliim evaluation First, 
a specific definition o! the piaduct must be made to facilitate 
the niethodolopv of evaluation Tins pail of euuieulum eva 
lution is iclerred to the goals and proposes ol the conceincd 
curiiciilai piojcct. Second consideiation is ol the means to 
achieve the stated ob|cUivcs. It is conceincd with the meth¬ 
odology of evaluation oi the instillments employed to dete¬ 
rmine the purposes of the project, Thud, the standards 01 
nouns used to judge the adequacy of the product be estab¬ 
lished 

Sood (19/4) has recommended the use of ihe following 
instruments to evaluate cognitive and affective gains of stud¬ 
ents acquued tluough an effective science euuieulum 

!. A science achievement test. 

2 Test on understanding science, 

S. A science Pioeess Test. 

4. A science Interest fnvcntoiy. 

5. An attitude scale eonuumg Science and Scientists, 

6. A Scale on on Social aspect of Science, 

7. Turning Environment fnventoiy. 

The evaluation approach should ldclude process studies 
to find out the actual success m the classi oom; pioficicney 
measuies and attitude changes, ana to find out the changes 
in the bdiavioui of childien concerning science and scien¬ 
tists. 
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EVALUATION OF SCIENCE CURRICULA 


Prltarn Singh 


1.0 Introduction 

Need for evaluating (he science curnuila has been fell 
quite recently. In India scientific evaluation of cuirmula has 
yet to take off. This is by no means surprising it we know 
that the activity ot curriculum development itself is seldom 
a planned and scientific attempt. Whatever the mode of cui- 
ticulum development may be, need tor evaluating the science 
curricula cannot be over emphasised. Three main reasons for 
the same arm 

L 1 Rave the resources been efficiently used to achieve 
the intended outcomes ? 

L 2 Have the new curricula helped the students to acquire 
ihe desired knowledge, skills anti attitudes for better 
adjustment ? 

1,3 Have the strategies used for development of tut riculn 
proved efficacious 

Thus evaluation of science curricula provides the necessary 
feedback regarding utilisation, of resources, efficiency of the 
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ptoivss of development and ah"iit the elfn Uv-russ of tin cud 
product I'lii' iiitiirnis rel.ilioiinlup cl evalnilmn with 
(he iesouia/i, pruici ; and piodiM <>f cur r n I'lum devclopae id 
can be represented w. urnbi 
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Evaluation of crirricula, ihrieluic, Iw to provide evidence 
about these three aspects However, process o( evaluation has 
.0 be determined keeping m view the icvwicjs, (Miiamtei 
and man power) the pioecss of uuunihnn development 
^style and strategies) and the end pioducls <d ium< uhmi 
(curriculum materials and pupil growth). 

2.0 The myth of curriculum development 

?. 1 Evaluation ol curriculum is based on icit.un assum¬ 
ptions like the following. 

2. I. 1 That the relcveant resources were fully utilised 
1. 1.2 That objectives of the eimivulum were clcaily 
Visualised and stated 

2.1.3 That content of curric ulum was deleiituned in 
accordance with the iei|uiremcnt ol the disci¬ 
pline and needs ot the leainei, 

<L 1.4 That teaching Icarmn;; matcaiah. ami activitn*, 
were undertaken to achieve the predetu muted 
instructional objective;. 
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2, 1 i That evaluation was cousideied an internal pah 
ol ciiinenlum development etc, 

2 2 In actual pi active each of the above ns sump - 
Lions can he queitioned on Iht- billowing bases, 

2, 2, 1 Cutneiilinn is equaled with syllabus 

2. 2 2 Ob|ctlives of curuculum are seldom stated in 
functional tums. 

2 2 3 Slrt’clnre ol the discipline is seldom appiecum 
ted by the syllabus makers. 

2 2.4 Teaching and learning is rievei gt me cl to tin: 
mithodok'gy of the euuiculum (if indicated). 

2 2. 6 Lvaluation as a pm i ol euuiculum dcvelopmtnl 
is seldom considered desirable in a piojeet 

In this loimlty syllabus haming, textbook wilting, prod 
notion of olhti jnstiuelionai miteual, in Iging the effectiveness 
of teaching and learning, evaluation ot pupil growth seldom 
comes undei the purview of the same agency or the euuiculum 
development team. Terms of releienec for evaluation of 
cuirieulinn are thus quite vague, if available at all. In fact 
the cumculum development is still a liapharaid ondcavouia 
of a few so cwtlcd curriculum cxpeils (school teachers gene- 
ially excluded) who prepare the curriculum wilhm a week's 
time on the assumptions that old euuiculum is bad and the 
new one must he good. Why the old one is bad or the new one 
is good, they need not explain to those who have to practise 
it. Unless this mytli of euuiculum development is exploded 
and some rationale or fiamework is worked out, evaluation 
ol science curriculum would remain a hit and miss affair. 
If an author of a science textbook can be questioned about the 
uptodateness of content, if a teacher can be asked to explain 
or sometimes warned for pooi teaching, if a paper-setter can 
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be questioned iu a nc.vs papei tol'Jimis about In, pom i Inmv 
of question: lot evaluating stmh ills in ,i puMu crimination 
then why not a curutuum deu lopet be* admonished lot 

developing a Inul curriculum whtJr uuL-al is the ' ausc of 
maladies ol all oilier operations in th 1 jdiiu.itionnl pn'iess 

3.0 Curriculum evtshialion oriel pioduct evalu¬ 
ation 

When a given cumcuhi'ti w evalnded it is in a «v.iy prod¬ 
uct evaluation it lespective o( the |imuv, of deu'lopitu rd 
When we want to evaluate a miiiuiluni popcil, wo are inti resit d 
both m the end products i,t ciuncalum us well a. the proeess 

of uiniLiiliini development 'Thcieloic, eva’uupon of u given 
piescnbed eumuilum would im bid' the follov/tw 1 omponent' 1 
of evaluation ‘ 

-Objective stand 
-Content selected 
■ Methodology suggested 
-Evaluation procedure lecoiumcnd'd. 

Each aspect is to be judged in letms rat cntviu develnpe d 
on the basis ol tmional judgment of the cv.ilu itor c<i as a 
icsult of pooled opinion ot repeats We can also judge the 
effectiveness ol a cumculum in bums ol pupil growth in 
which case efficacy of the teaching-learning pmces-. has also 
to be judged In fact we have to evaluate the total ptocess 
of curuuilum development Such an evaluation may betlei be 
termed as piojeet evaluation ui which both tin: ptotevs ot 
development mid products ol development mo cvulunltd 

In this type ot evaluation aspects like Lhe following have t<> 
be consideied : 

3.1 Planning ol the project. 

3.2 Development of the inatmah 

3 3 Oncnlation of teachers and liial of the maleiials. 
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3 4 Revision of the materials. 

3.5 Training of teachers and introduction of malcriafj 

3 6 Diffusion and dissemination of new uniiculai 
changes, 

3.7 Susuniativc evaluation of the curriculum 

3 8 Renewal of the curriculum, 

4,0 Variations in curriculum evaluation 

Can there be a common pattern of curriculum evaluation' 1 
ft may be possible only when we have the common concept 
of curriculum and a centralised curriculum development 
system. In actual piactice, however even this may not be 
possible, because the financial resources of the concerned 
agency, technical competence ol the evaluators and the time 
at the disposal of the curriculum agencies condition the scope 
ol evaluation Whcie curriculum development is a localised 
affair whethei at the state level as in our country oi at the 
institutional level as in U K. or U S A , variations are 
l)otiucl to be there also due to varying assumptions, under¬ 
lying philosophies, approaches and aspects of cumcuhim 

development. Such variations may he attributed due to differ¬ 
ence in • 

4 1 Place of evaluation m the iiatne work of curriculum 

development. 

4 2 Role ol objectives in curriculum evaluation. 

4 3 Stages of evaluation,reflective, fat maUve, and suuini 
ative. 

4.4 Areas of evaluation. 


4,5 Method of collecting evidences. 
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/, o TfriT : 

■ ii i!>", b;t .n. os' d - tlviit nun!; t.T the d 1 1x■' 101 'i < n. i'ciilnm 
f dill, erf jltf! InMii'.'/lng ilp V Cl '.' 4 plOfOSO'l ! ol the 

m>, 'iii’l: d.- ..'h.; I ■ <tiliu. 

I | -,1.11 r. r s aiua!'<,i 11 the v'V'i.'c ,.f evoiy cun- 

ninfl 1 , a tlii’oinuil hamcivoik of uuuciilum 
evaluatin' '.’..iiil.'l I’o ucstmcJ n) the planninf; of 
the pu»]'.‘ r .i :,o 'lull role ol cnluatio.i venous i,t;ip. <; 

;.f v.Li t iieulnm dov_li']/tikal may bo uppieamcd by 
tin” ,vht> ,i..; nv't'iyei hi ds dt-vclypnieul 

/ 1 i’u! *u 1 1 'ioii of uus .etil-Mu (.bjecuv';. is a po requisite 
to ii'iv iiv,“lopiiiciit and evaluation cl a 

uuuculu a piojut .mrli et'|Uii\> s ohojild hov/tvu , br 
r\ as hi ./ thui ,, m h|.;. i to lu'-.Jiliuitioiv; and 
ilvuti’i, /> ill-, bi-.a'i ol . iii|o<iorl t„ Alone.,, iuidu t* 

1 iiialiy i'. tint,iijv,iii' I'l'.'vclr/u '.ipi'i v.l '-/huh r. noumtive 
t\ 'lui'.uon i o' v be 'b'lie. 

/ .! time 1 eve.y --i j 4 ' mb.. has its o - vil Miuefu e. ev.ilu'.iion 
ot cm nudum undent m a pi'MC-t ivir 1 be guned to 
liu 1 subi.l oit!'/e </cil '<s to,ntaeliu 1 stmet.iio ol the 
‘inhjixt 

7 4 Fttcuiv-iu-si ol insuuc'l.cnal stialegy iu a ourneuluu. 
development pioiMjmuK .should be judg.'d in turns of 
lcfrinii; outcomes and rally beluuiom'i m students 

7.5 Since judgement mu! 1 tng depends on the imbue and 
qiuihly ol il iu eiuy ui’oit should tie made to e\ploie 
.ii! Ur' data &ouu.c‘. and apply the rdevcnl data coll- 
t’Uir.g dcncc- i y piou'ic the valid and sellable eviden¬ 
ce about caniuilur.1 illioUveness. 



7.6 Since educational relevance is of primuy importance 
as compared io the tehahilny ot measures, cumuli- 
um data in Ay he analyst d with nl'orcmo to t lit, < nUium 
and not in terms of uoirns As mk.1i trileiia ol a su¬ 
ccessful cun iculuni must he ■ nleimmcd helorrliaud 
in otdei to mterpiet the data accordingly, 1 levcrUn.l 
ess, limitations ol the data and subieuivily m inter¬ 
pretation have to be accepted a;, mheient weakness 
in curtieulum evaluation 

7.7 A good judgement can be made nti the basis of clearly 
visualised desired slandaids ol excellence and oh|ectivity 
of adequate evidence Since strategy of ciiiiiciiluni evalu¬ 
ation rests mainly on the people and not on tools and 
techniques they use the evidence that we get is mostly 
based oil pooled opinion and experience ol those invol¬ 
ved Therefore, methodology ol processing jud •enient 
should mainly evolve fium rational and illuminative 
evaluation ot achievement ol slandaids laid for a paid 
culm project Judgement with iesp t it to comparative 
cuiiieiila should be testrieled to (boa areas o| mbieve- 

mcnl that involve the same basic assumptions Irom which 
common uHeria of evaluation can be derived 
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Part iii Piacjetian lliinkina and Science fcducatiori 


b 

Research on Piagetian Thinking, 
in Science 


R, P. StNQH 


It was asserted by burner ( 1962) that any subject 
could be taught dtectively and man intellectually honest form 
to any child, icgardless of his age of development, Thin 
statement led to a loud controveisy. Some used this idea 
to justify the presentation of rooleculai theory at primary 
level, Others believed that there was little to be pained 
by spending hours and days in teachii g particular concepts 
to children when these same ideas could be learned in a 
fraction of time when the children were older Finally, still 
others clearly disagreed with the statement by claiming that 
it was impossible for youngesteis to learn ceitain concepts 
at an early age simply because their logical capacity was 
not developed. 

In resolving this controversy much depends upon how 
we define the terras in original statement, That is meant 
by ‘subject’, 'taught’, 'effectively* and 'intellectually honest 
form’ 7 The need for a completely planned experiment is 



Hun evident Per ha os tn pmcTice we will be rdivmeed that 
addition*!! "mpha.si*. in ckmrnturv school >■ uwee Mioithl hr, 
placed upon fho development of logical thinking as an 
eO-ciive means to in(ir«,« leanimg Perhaps still sooner \\x 
will liricl that the process ol scientific cnquiiy shrink! lit 
mine closely related to specific intellectual development. 
Sure tin* intellectual development o! ttie child is baste tc 
the enti'e teaching entei prise, and since much attention is 
being paid to these mailers in conlemporaty educational 
reseaich, it is ol considerable value for us to be aware of 
what is cm ready being discussed We shall consider thi 
question • Do children pass through specific- stage; of 
intellectual growth ? 

We cannot dkcuss mtdlmual developmental stages with¬ 
out examining some ol the origma! wuiks earned on at the 
International Cenlu of Genetic Epistemology, Geneva, 
by Jean Piaget Piaget’s most notable arid significant conti fi 
billion to educational thought and practice has been his 
characterisation of specific developmental stages of children 
The theory of Piaget lias been well received by many edu¬ 
cators and psychologists. A number ol them have sought 
to utilize the theories in making adequate provision for hit' 
suggested stage djflerenc.es in elementary school science. 
But what are the specific characteristics of the proposed in¬ 
tellectual stages, and how can we use this information m 
classroom r > are the questions whi< h must be answered in 
answer the following summary may be presented : 

The Sensory-motor Stage • In this stage which extends 
from bath to 18 months ( approx. ) the child encounters 
objects by moving and touching without psior thought. 
Tcachct is not directly involved with children in this stage, 



ml psychomip;*:, befievc trial many finio’arntnlul lourid'ihormi 
''Mrning experiences occur dining ihis pc-md 

The he-opealional Stage The stage co iters the period 
of IK months to 7-8 years. The ulidd duiing Uhls staee is. 
perceptually oriented. He commonly lives in an ‘Alice m 
Ahwilciiand' world vchen apparent visual c iilracliUions do 
not cause any conflicts in lot) thinking. This r. best illus¬ 
trated by Piaget's famous experiment where two identical 
glasses, each containing the same amount of |Uice, at; 
placed in front of a five year old child Wl.cn the liquid from 
one of the glasses is emptied into a taller hut nonoewr 
glass, the pre-opera! ion at child will in ditaie that the laMet 
now contains 'more’ juice. Since he can focus hir, atlen- 
iion upon the change in liquid's height bul fie can not 
.imnltnneoflsly consider the compensation by the difference 
in gluts dkiimTcr, it is clear that the pre-opeiational child 
has drlheulty in co-ordinating such variables. it is also 
Teat from this experiment that the child m the pre-opera¬ 
tional stage has not yet developed the concept ol (.onset- 
vanoc. The pre-operatronai Mage is obviously the time ol 
lue play and investigation, ft is important, therefore, lhat 
teachers of primary classes provide oppoitunilics for the 
children to engage in play of pciceptive nature, using all 
of their sources to explain and observe (lie physical world 
i ( must be noted that the contact .should certainly be conduc¬ 
ed at the expense of Raced and picmatnrcd veihalisatiuri 
in sdence for children moic emphasis should be placed on 
touch, (a‘tc, smell, listen, and watch. 

I he Stag; of Concrete Operations : This covers the period 
from 7-8 years to 11-17 years The child is able to pcifomi 
i-lemer.tBiy logical ope. aliens Among the most fignificani 
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dntlopmeius ir« this (age i c , dm conn pi of consta various 
ihc ict,f';iicii loiductul hy f’M>vt mdn ntcs that ilie vai 
‘“coiuri\atioiV. ’ nrJs■ in ll‘*c following ‘oqncncc — 

I t.oiu.ci vutnrn of aduibit (0-7 yea's of ,iiy:) 

2, Cuiiseivaiimi oi substance 1 7-3 verii s of age) 

3 Conservation o( length ( /-S years of age) 

4. (,'oiuai sation of area (o-O years of ape) 

5. Conservation < '< weight (0-10 years of age) 

6. Const rvMion oi volume (S 4 -1 ^ years of a-,.,c) 

f’lagefs deserip’inns of the ways in whiih tloldrcn ra¬ 
il 1 U< -1 1o pioblvms imolving conec-pts of conservations havi 

vuificM genet ally and have liven found to In- css-’iitiall / 
ecu i eel 

The I’ropoaiioriai S'aee —The period is 11-12 veals 
and i ontinmng (In on; li Inc Mining (his period the child 
has developed Hn, capacity to engage m propositional 
logic He is able to manipulate ob|cct.i lfe it, capable 
of diddlin' syrtcn'ati'aily and in puir-ly abstract terms. 

'ihe stage diameter istics of all the stages arc of impor¬ 
tance for sernnee educators Sonic additional rescind) work 
on piobltms ot intellectual matuiatiou is needed This 
will have to be dnected touatds spec if ic; activities that 
embody recognised concepts and skills if we are ever to 
teach conclusions regarding the ultimate validity of utilizing 
Piaget’s chatactcti* >tron ut growth stages at, a basis foi 
establishing science curriculum sequence. 

Kephart (l ( )60) luvi concluded, as had Piaget before him, 
that noimal sensorimotor development is a pre-rec|uisile to 
oideily symbolic {iiiictioniim. fie along with he; co-workem 
has developed a number ot techniques foi dealing with 
•Kusonmotoi ddieienccms 



fligel. KoepU and Hooper (196u) conducted a study on 
i'oii!.uvaticm. In his study lieainient and control groups, 
.■ach consisting ot live children, are matched on I O , 
Juoiiologic.d age, social status, am! educational level They 
predict that conservation will occur spontaneously if the 
child can master the operations of Q) multiple classification, 
!‘i) multiple adationality, and (m) reversibility 

It the heart at' Piaget's theory, as it pci tains to how 
learning takes place, is the concept of mental equilibrium, 
fn other words the thought process approaches a type ot 
equilibrium as learning cucuis. "this is explained through 
Piaget’s ‘ assimilation accommodation model" As new m- 
fotmation is cncounteted, something jars the learnei so that 
a tctnporaiy "discquilibuum" condition is set up As this 
new infot(nation is assimilated and the cognitive structure 
n accomodated to it equilibrium is restored once more 
Quite obviously then disequilibrium is an essential condi¬ 
tion to learning In leading toward mental equilibrium we 
must be mindful ot the importance of having the students 
engaged in thinking, in lupothesing, and in investigating, 
tot this is the only way in which cognitive structures are 
fhanged In addition, the sequence in which we present 
learning stimuli is of srr.gnku importance Amabel (1 960) 
ius examined this aspect and found that the cognitive struc¬ 
ture is organised by highly generalised concepts under whnh 
addrtonnl ounce phi and othei information of a more specific 
nature me subsumed (n this subsumption ‘'theory of Icai 
ning" Hie acquisition of new material is facilitated by the 
student’s previous possession ot introductory mateiial that is 
more general, abstract and inclusive than the information 
it introduces These concepts are, therefore, considered to 
be advanced orgamsors, since (hey form a type of super 
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si fuel me i!i)dti whulj subsequent Rattling!, ate calegoiised. 
Ausubel has trnkntiiied luo types of advanced organisms 
■Hxpositoiy oigam:,ois me those that intioduce materials 
that ate tot illy unfamiliar to the student whereas cotrtpaia- 
Itve organisms arc those that introduce itilotmatton that 
related to previously Rained muicrutls. 'Jhe presentation 
of eilliet type ol organism-, must til eouisr he made in 
tetms that me i.umliai to the leaintt At the same rjme in¬ 
dividuals must bo aided in passing piogiessively from coneiete 
thinking to mote abstiacf modes of thought 

Pinard and Laurendeau (l y 64) in an elTort to extend 
Piaget's observations to populations othei than that ot 
Geneva, under conditions imposed by canons of cxpctimental 
method, wanted to know whr-lhei Piaget’s stages would 
survive that kind of scrutiny An intelligence scale was 
developed as a by-pu>duct. It nitty be pointed out. that for 
the teacher who wishes to implement Fiagetian ideas, it is, 
essential to useitam the developmental level of the students 
being taught Keserches should be conducted to develop 
Piaget-inspired scale af intelligence and also for the 
psychomctiization of Piaget’s (asks, 

Thete appears to be thiee ptinctpal ways in which 
Piaget’s system could be applied to educational problems, 
lustly, it may be possible to make fruitful use of Piaget’s 
research instruments in the assessment of the individual 
child's geneial intellectual development Second, application 
involves the planning of cuinculum in the context of Piaget’s 
developmental findings As Flavell (1968) points out that 
this could take two loans Fiisl (here rs the question of 
grade placement of the instiuctional content. Do Piaget's 
1 Hidings imply, for example, that initial teaching of scienti¬ 
fic mtthod and content should he pegged around early 



adolescence, when formal opm..itioiis which nrtkc possible 
['('ituinf seienlifu thought me said to be developed 7 Wind 
about the age placement ot such haditicmal subjects as 
geometry Would Piaget’s evidence (hat many of the basic 
dementi id J'ucliJian spatial ltprCFcnlaticm and measure 
ment enLei the child’s thought bv age nine on ten imply 
that geometry and related topics might be taught eailrcr 
than they usually ate taught ? The second variety of this 
application can be summed up as : liovv can we make use 
of Piaget’s data on developmental sequence to anticipate and 
guard, subtle non obvious "inisacqutsitions” whice he has 

shown the child is likely to fall prey to in trying to rnastiu 
n new aiea '> 

A vigorous movement started among educators and 
and educational psychologists of the western world in tin 
iiflier, ol the century to etlect a Ir.ison between Piaget and 
Pedagogy, particularly in naan! to curriculum. Lun/cs 
(i960) rcvievtd all such works from Biiii.h literature 
National Fioebcl roundation (It) *>5) publish^ collection 
of papers on Piaget's numbtr leaeaieh and < thci conhi- 
bmions Chunhil (1953 a) Lovell (19591 Peel (1959) 
icported experimentation on Piaget's find in r, with implication 
foil educational practice intmud 

The third important way m which Pigct’s system could b, 
applied to education may be put like this His theory has a 
good deal to say about the naluic of the cognizing organism 
and the piocess by wliich unknown externals become known 
internals, ft might be that this part of his tystem could tell 
us something about tire most favourable conditions for learn¬ 
ing, and hence, the way in which we should go ah >ut teaching 
The (hit application dc'cnbed.ibose had to he with the diagnos¬ 
tic assessment of the individual student, the second concerned 
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ihc. struct inin'- ci until ilium e-mlcnt 1.1 hum of normative.* 
developmental wme table and the tliiul one involved the 
method;) by which the child ought it be taught, oncer urn- 
oulum mutoMi bn , been sdm <ed I Iks n lie divided into 
two components One onn'.ists ot the spem/n piuhlcin ot 
imw by vvluit mum pu>ce'\ and in the pieseme ot wliut 
external eiiviionjm’ntal conrlitiun^-1Ji> child typically ncquirc- 
the vatious knowledge forms, that Piaget's research lin show i 
and ielated u> this, the potential implications ol Piaget s 
theory. The other component lias to do rtiei.'e with concrete 
and speeihe leeoimnenclauons foi aciutil olassioom teaching, 
and foi instructional method in content areas which Piaget 
has not studied expuimentally 

Piaget’s researches on number and quantity have bum 
populm taigcls foi validation study during the past several 
years, probably because of Iheit obvious implications tu 
science education Dodwcll (I 9 (>U, 1961) gave a battery 
of Piaget’s number tasks, using both uubvidud (I960) and 
group (1961) administration, to huge samples of kindergar¬ 
ten first grade and, second grade Can idian children. He 
found Piaget's all three stages in the development of number 
i unseivation. He also found that some of the number tasks 
..bowed more difficult developmental trends than others for 
ilie age range studied, ft was also found that the various 
number tasks weie of unequal difficulty with the coiwequece 
that a child who gave concrete operational responses to one 
problem might well give pie-opcialional responses to anothei 
Mannix in Lmuor (1960) found the following ordered seque¬ 
nce, first, mastery of conservation in the case of provoked 
c >irespondents, than in the ease of continuous quantity, and 
still later, grasp of additive composition of numbers, Mannix 
also concluded, as did Dodwcll, that Piaget was generally 



coii'vt id he, disciiption of the m;i|oi ivpcfl of temporises 
children give in his number tasks WohHvill (i960) also 
■showed that the application ol sailing ie< iuiit)acs m this aica 
could be a Iruutul undei taking lliti ckitas iiidiailcd three 
rmu'or stages m the evolution ot number concepts (i) a 
wholly peo cptual approach (ii) a temtpiual appioach to 
individual Mumbcis, and (tii) a coiiceptualiiaiion of the 
relationship among individual niimbeis Sevan! other in¬ 
vestigators namely, Chut chill ( 1958 a, 1958 b ), J-larkci 
(I960), and Wohlwili and Lowe (1962) have validaletl 
Piaget’s analysis of number in broad oullmc 

Piaget's woik ou (he development of quauti'y concepts 
has also had Us share of validation studies in neeni years, 
JRlkind (1 96 la) admimstered touts of consei vation of num- 
bci. H'S hndings we'c fi) ah three tyves ot conseivations 
aie age dependent within thu; age range, (ii) conscrvtlion 
of continuous quantity is more difficuh, (hi) correlation 
between conscivation scores and subtext scores on the 
Wescldcr Intelligence scale for cliildicti were "generally 
positive, sometimes significant, and usually low". In 
another experiment Blkind \ 1961b ) adubtistcied Piaget’s 
tests for conservation of global quantity, weight and volume. 
Each type of conservation was found to be age-dependent- 
Lovell and Ogivie (i960) found Piaget’s conclusions 
invariant. Some relevant researches have been reported in 
the aieas of spatial concepts and time concepts 

li has been my intention u> point out some of the stu¬ 
dies conducted on Piaget’s thinking jelevent to science 
education UnfoitunaUly, a negligible effort has been made 
in this country to inUoduoe Piaget in education and science 
education in particular. 
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Something mint he fold at this point regarding rsy'’home¬ 
tric thinking on Piaget's thinking. The leader without 
the knowledge oVthtory is likely to overlook ga tJ s m the 
children’s conceptual levels In outer to make the teaching 
effective he dioukl Lhe tests before a new concept is used 
in the classroom Attempts have, therefore, been made in 
foreign countries to measure the conceptual attainments of 
childicn in vanous age groups Lovell el al (1969) by using 
the experiments of the type described by Piaget and tnheldci 
have desmed tests to examine the ability to classify. 
SmedMund (1964) has performed measurements to deter¬ 
mine the interrelations of various aspoits of concrete 
reasonong as measured by a buttery of Pragetian tests, 
Vernon ( 965) compared patterns at test sooies with assess¬ 
ment of environment in English and West Indian cultural 
groups wnh a view to throw tight on the development, 
and retaidation inabilities. Kollsky ( 1 966) has conducted 
a scalogrrm study of classiliculion ol development to two 
aspects of Piaget’s theory. Bruner and Kenny (1966) has 

investigated how the child learns to grasp 'double classi¬ 
fication that is classification of objects accoidrng to two 
of theii altnbutes at the same time Beard (1963) has 
investigated the older of development of certain concepts in 
junior school children Beard hypothesises that the quuntrty- 
wught-volume order found by Piaget seems unlikely if 
experience laihei than maturation dt-tumme, the oiclci of 
mlninment of these conccpis Tire orchw m attainment of 
i'umber concepts, howcvci, is likely to be virv Irss because 
ol logical dependence of such concepts on preceding concepts 
Wallach at al (1967) studied to find whether conservation 

of nurnhti would be brought by tiamrng in reversibility 
alone or in addition and substruction alone, it was also 
examined whether lhe induced number conservations are 



tnmsfcucd lu oll'.ci corset vulions. Lovell anil Ogdtve (t yr>()) 
turned (lie development of the concept of Ui'/ihiuiko to 
establish the argnpunits used by cluldien to inuxiy th>,i. 
answers Elkmd (1961) did ,i systematic lephumou of 
Piaget's investigation of ages at which Juldc. m "is. over tori 
ceps o[ qiMntily, weight and volume Guumi ( 1965 ) 
attempt‘it to compuic the relative Ufoetiveni, is of two pnnm- 
duii"i I'm turning children to conserve nmuhot tfognii! 
(1964) investigated sy.lematicilly the effect of vaiying 
jna.tei ioL s used tn test the cmscivation ot qu uitity, witglU and 
volume on the nbseived oulei of attainment ot these concepts 

hi sumtuaty, Pugclitin icni r . are 1 datively simple and 
some of them have clneol reh.vuice to the cho'u'jom. Nothin;; 
inoie need to be said hue, beyond simply pointing out that 
for the teacher who wishes to implement Piagctian ideas, 
it is essential to asrertam Lhe developmental lev, Is of students 
being taught, Thcic is, timeline, need ol organising icsvtiteh 
on psychometric a >pccL of Piagetinn thinking 

Piaget in not in layout of Inuaiey of habits lie is dead 
against liaditional method of tote learning and examination 
system He eonsidns imdeistanding suboidinate to invention 
and iejects line method ol tome feeding in,Oi nation In 
Piaget's scheme ol things ddaphiUon to physical and social 
cnviioment Inis been emphasised Adaptation tequors .ism- 
mihition and ncconimodauon and hence the child is lupmed 
to lie mspned into learning process Ihiough his spontaneous 
activity iv'iateiinl i and methods has e to be dmdopwl ami 
tcieheis have to be minuted on these linen A • ooiduirP'd 
tese.iicli programme is needed to develop cm i icuhim and 
testing materials on fiagJ-'s lims, 
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'art iii Piageti&ri Thinking and Science t»i<irat<«ri 


Tho PioLMemalic Tf.nitory 
v i 

Jon's Pipget 1 anrt Alien \' i o r : r n "t liovtn!-, 1 , 


M, VAIOVA 


inlfoiiii'.imn 

Mari (s an inseparable par! nl the e.uhitioi 1 ol < ivili/amm 
or luma'i,'ty deing human him a. If wliat mmurns childicr, 
leathers, teacher educate).i and leseaielKi.'. i< ol great um- 
Ceui to I’lir to: he himself has been a immJci.x itiqnna mic 
.'.eicnth'ii, te'hiatal aocul studies, and suinlat midPlaiiou'- 
ithiim. Them' , el Lilians ovei the ye.us have no) developed 
iit vacuum to. evuiati.inni ic(<‘n.; like .•junUifio ideas have ilvo' 
i mote pa.-a .a oluLalioaiii pniitlplet 'looicd in the wn.- 
dom of tht age! traced bmJ In the ancn.nl Grid*. ihinku. 
nl.e Senate.. and Plain. Since then the ideas oi many gieui 
thinkeis it-passcming different. discipline.! have neon woven 
into the tab)je fl unrent edlmitional philosophy and pi a- 
ctice. When given this environment, lean i'iapd dunks 
h-avily horn this pnilosophica) spung, While doing s u, lu* 
appears to pay back his aneesiial debt abundantlv m Ins 
own hie time to the moderns as well as the latinists lot ii 



C;J i ) 

,b unpn'siljlt tc nr,uvum today cognitive s!u ly without iefo- 
U'lice in hr. v/oik Whcthei one apices oi noi, a dm ni 
.ihc ‘Gauges’ of Pi igel, (h'ts affetl .mc’s outlook on piob- 
lc,n:. (.'im ntioiuil V/liy ? Because b ; p<escnhs some soitof 
thought p<»,voicing synthesis ns obtaining in rattoiuilisL lu - 
dition of Plato, menial categories o( Kant, notion of pe,- 
eeplmil change a% propounded by Beigson, piodnctivc. 
thought of Gcsla !( iviy-'hologisis hie Ma/i Witheiiucn and use 
of logic foi interpietaiinn 01 thinking (clauses, iclations, 
giouping, icveisibilny and u(ttilibuum) coupled with dm 
cumulative lnllu.ute of yjvnal individual peisonahtics like 
f’alvlil, Rousseau, Pasluloz/.i, Clapmech, fiinswaugei nieulet, 
Uoisthach, Mali Jurg and b.chehayrt (4/ Ph hwiphiccil 
piubbius continue 10 ,ecui ceniuiy ailci ceiituiy feu philo 
toplieis peiha;is in the due lia'lilnm ol then own beloved 
subject pose then pioblems in uimlwiMo hums (3) Piaget, 
while still leniainiug e fiun specukiloi, succeeded in stealing 
pait of this teiutoiy by tackling psychologically an ege 
old epistemological problem as enunciated by i Into “How 
and when can man be sine that his knowledge, is tuie 
knowledge, when time and again he finds that whnl he 
took to be knowledge has proved to be eiroT' ()| In this 
act, he not only kicked aside the fauly well •'dablishml 
scientific pioeeduies by eshiblu,thing Jus ovn iVIP,fHOFD 

CLINIQUE but also eonsliuetrd his own symbolic logic for 
mtei'piehng intelle dual opeiations as they develop (tom the 
veiy eaily childhood to late adoh.sc nice He Uius sho” ,*d how 
child, nay a mu vet sal • luld, goes about the business uf const* 

iuelmg his own house of knowledge, Continuous!/ bittni by 
this p, ublom over a period of tody ymus, he came up with 
this gland hypothesis . 



Development is continuous not only within the indivi¬ 
dual but thioughout all evoli'Munuy levels I >om the 
biologfal to (he social to the mtelecctual levels, the unity 
ol nutide is piespivcd 1 he (unctioning of the iovtihesi 
mollusk ia based upon the same fundamental pur. else:; ae 
that ol' Uinstem 

The Nttluic of (he Pioblcm 

Thinking is a ‘ghost’ - like activity for i< has to he infei- 
led uither than observed. In hleiatoie, st has been retencd tc 
as ‘abstracting, analysing, comparing, deducing, dehiung 7 
discriminating, estimating, generalising, guessing, imagining, 
judging, knowing, opining, reasoning, icealbng, leoogni/ing 
reflecting, Jemembenng seaicluiut. lor conclusions and under 
standing While going ahead, one visits the temtoiv of eon- 
eepi formation, il again linns out to be a vast area of mvci.ti 
gallon in its own light having stiong links but, ,d tfic same 
tunc, not identical with such complex psychological processes 
as Lhmkmg, learning, pioblcm solving, language acquisition 
and symbolic tepresenlalion If tins )otirncv is fist 11n r contin¬ 
ued, one enters the complex aieas of pioblcm solving, creati¬ 
vity, critical thinking and originality whete one is caught 
into scveial definitional dificultios. One is veiy lucky, il n<<>, 
lust, foi evet'v milligtam of infotmutton obtained theie is u 
quintal of eftoit to expend. And here the distinction between 
original sense and original non-xrnpc disappears Not long 
ago, the nuclear .scientist Oppcnhcuuci aptly uniatLcd, "It is 
the business of science to go wiong*' Di(ticLillies tiirrcbuc. 
for the cogmltvc psychologist multiply scveial folds and for 
achieving success, piobleins have to be posed inoic and tnoic 
pioductivcly in the phraseology of Gestalt psychology with a 
view to investigate the highly varied complex pioccsses of 
thinking which may ultimately lead to the development of 



inicleisuindin;.;. ,y nei ah/ation, discrimination, concept develop¬ 
ment and attainment 1 he pioblems do not end hene 
because llv tweaichcis and (lie pi;u iilioncrs do not 
invaiiablv ask the mine question 'these split 

questions and possibly the consequent split answeis 

ate b< 1111 •-! l'> app'-tu in (he business of any science, 
educational it-yclmlogy, being no exception The workable 
solubon undu these ciciitiislutr cs lies in considering the 
two m isolations as is frequently done while managing anam- 
olies in sci nee. 'Flic - ha ae problem here is to relate the most 
powi I lul concepts of science to the meuia! development of 
childern whose answer goes a long way in providing the 
;v.\r ho logics! sir ueturc to any one ot the school subjects 
Thanks to the recent efforts of Ausubol, Bartlett, Beaid 
Brunei, I laved, Gagne, (iudfoid, Hans 1 uuli, Hearnshaw 
! Iiimphtc-y, tnlichiei, Loved, Lun/er, Pec!, Ftaplus, Piaget, 
Schwab Skinner, Suehiiian, Veinon and Wallace, the piobl- 
:m temloiy in Hi is decade has been exploded and consequen¬ 
tly, the pioblems ui pieces, like the discovety of fundamental 
pjificier- in atomic physics, lie more in the 700 lather than 
.11 the jungle. '7 In : was hardly the case ovei twenty five yeais 
ago Ihe emerging lireiatuie on thinking cleanly tells 
'that clwlucru learn spontaneously, they acquire schemes of’ 
thought icKodless ol school influences They team from each 
•ode 1 , and learn equally web m formal ssturtions At the same 
time, they also poisess lost lurid knowledge about men, and 
■dien alb its m then immediate enviroru. ml ’/'his does not 

amount 10 saving the akin uses in the Ihrl 01 Rets m the 
West It, on die c.ifmr hand, means that the child’s thinking 
is not a. all a ‘mrur Oi random behawoui. It is sensible, 
sntclhgiblc and pmcin table against the available theoretical 
psychological const! nets (3), 
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PROBLEMS POSED IN THE l-'IHJV 


In this perspective, the- CielJ as a whole penes the folk 
wing problems ,vhich oveil.ip each othei to a vuiymg 
exleiii: 


(I) What are, specifically speaking, those condition:. under 
which learning takes p!a<e maximally ? What exactly 
is the role o t hints and cues either in supporting thin¬ 
king or in the formation of concepts 7 To what extent 
can concepts he down grades 7 

(?) At what age is foimul reasoning manifested among 
different categories of pupils 7 How is lomul reasoning 
different fiom coneiete reasoning 7 What conditions 
determine transition between Iho two stages 7 

(3) How is thinking gcuct'dli/ed in cacti ol I he two grades '( 
Does it develop in stages 7 Is il possible to aculciatt 
stages ? What is the role of planned experiences in 
concept development and problem solving ? Is creative 
thinking a,ho influenced as well > 

(4) Does ‘instruction precede development' (E S Vygotsky) 7 

Is learning to lake place mechanically or from page 
to page within the textbook 7 Or is it possible to save 
childien horn subsequent teaching once the initial 
learning has been fully acquired '! Quoting J S. Bruner 
“Is it possible to get a maximum of travel of what 
tve have leaml 7 ’' If so, what kinds of thinking 
piocesses does training generate nuclei different 

conditions 7 Are they chips of the same block oi are 
they different , Aie they of temporal y oi of pet man' 
ent charactei ? 



(?) 
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What ciioir. children exhibit at vomus cigs Icviil'i 7 
Ate they, psychologically speaking, mteipietablo 7 !<, 
h possible to develop a museum of Ihese *’noi& 7 Is 
iL possible to demolish tin;, museum rhiough mh'ivcti- 
tiou ? Whnt about the lole ol maturity licit ! 

(6) Is learning possible in (lie absence of schemes of thou¬ 
ght m idatum to academic, subjects taught at school ? 
Do these schemes of thought have any psychological 
existence ot relevance ? 

(7) Why children latl to veibalt/e lliai concepts oi methods 

of pioceduies especially when they lnve, in fact, 
acquired them 7 

(8) Lastly and basically, how child ten coordinate mfoima 

lion 7 What aie the underlying mechanism 7 Have 
they sliong links with symbolic logic 7 Aie Ihey ol 
any psychological significance 

Analysis of Adolescent Thought 7 

The wilier investigated adolescent thought with the help 
of specially designed pioblem (N— 17), each mhciing a 
continuous chain of reasoning (.'•>). This study, using case 
study appioach, also attempted to delineate the stnictuic of 
the various hypothesized schemes ol thought factonally In 
this field experiment, 200 pupils (iOO boys and an equal 
number of girls) studying in grades VI thtough X, matched 

on intelligence and socioeconomic status were observed, 
solving a senes ol seventeen ditfeient pioblems in hvo sessions. 
The main findings of this study indicated , 

(1) Except occasional fluctuations, average peifonnance 
on each problem increases witldgrado Mean perfor¬ 
mance in most of the cases fa«auts boys icither than 
girls. But both boys and grits try hard to equalize 
their performance as they move in to higher grades. 



A given problem pan o| da' problem m a proct',j (a 
lli.il problem is salvci* Mica-mlidly (oi bflnl) over 
• .me i Q. idiige bulk within and a 1 iw.a dr '-Eiunufi 
grides. 

A given piolilem is ..olvui in stagi r . 11 is pm.-able i 
nlciUifv stages 111 the solution of rmy problem 

(Jne'iptctedly, pupils commit a iargr uuinhct cferois 
while engaged in problem-solving These enois fin, 
tlui increase in the higher age gioups when they 
tail io giasp the main lequirern^nt of the problem, 
Among these eirots, tie dominant ones, shmed by 
rno.v than ia pci tented (he pupils, largely speaking 

miller a hump nol'oie they finally declare with ntci - 
easing grade 

Contrary to Piaget, pupils aie not in a po'.iuon i< 
csluu'tl oi suggest all posrabilities, uumbinaU" 
one and tests. Ovei throe-filths of the pupil® 

limn guides VI to VIH ate badly affected when a 
pioblem inheies levcsibdily in thinking 

1 he complex pioblem solving processes <11 iso Horn 
simple thinking pioecsses. 

I In, 'ole at the natuie ol the pioblan being until u 
ill investigating thinking, adolescent pupils, contrary 
to Pi.igei, me affected tu a great extent by die 
content oi the problem. 

Whereas adolescent pupils an in a pos'tioii to set 
up hypothesis’, they aie nol in a position cotiaiy to 
Piaget, to test them which shows that their minds 
have not yet become experimental Most of the 
adolescent pupils do not, contrary to Piaget, process 
schemes ot proportion as well an generalization te- 
algebraic symbols 



( 97 ) 


(9) When a problem is solvable through two schemes of 
thought, one inferior and the other superior, and if the 
latter ts not well developed, the resort to the former 
may favour quite a few in solving that problem. In 
case both ate conspicuous by their absence, there is 
little chance lor the supplied hint or illustration or 
even analogy lo be utilized in solving the problem 
successfully. 

(10) Except occasional fluctuations, the mean performance 
on the various schemes ot thought shows an increasing 
trend with grade. When mean and standard deviation 
are kept at 20 and 3 respectively, the gains interns 
of Tscores over the five yeais period are dismal implying 
thereby that they are characterized by giadualness, 
slowness and labotionsness as they evolve across the 
grades. 

(11) Using Principal Component Analysis on (he combined 
matrix, containing forty five variables and the vatimax 
totaled factor structures with a view to obtain the 
hypothesized factors and interpret them psychologically, 
the following multiple factors appeared : 

(i) Schematic Learning General 

(ii) Adjustment 

(in) Problem Orientation 

(iv) Sensing Problems 

(v) Symbolization 

(vi) Testing Hypotheses 

(vii) Using Constant Difference 

(viii) Aspect Character 

(is) Seeing the Pioblem an a whole. 


(ll) The lop gioup dilleied Ciom the. bottom group on all 
the five measures ol adjustment, unde [Standing of the 
problem and all Hie seventeen schemes of thought. 
They, on (he othei hand, did not differ significan¬ 
tly from each other in lespect of the following 
variables , felt difficulty of the problem, confidence 
in the problem and interest in the problem, 

At this stage, U is neeessaiy to highlight an interesting 
finding, hardly looked for, in this investigation. It has 
appealed in several contexts : supplying an answer already 
available within the body of the problem, last item needing 
an arithmetical or algebraic anwer, counting the (otal number 
of traits or effoiIs made ; returning to the same step after 
suggesting other steps ; and the numbei of arbitataiy and 
extianeous consideiations brought into the pioblemahc 
situation dining problem solving Why should these enors 
suffer hump in the face of increasing understanding with 
age 7 fs it the case of lack of seriousness on the pari of 
the adolescent ? Is it the case of the adolescent standing 
on the hours ot a dilemma and getting murk ? Is it the 
case of the adolescent trying hard to close in on the pro¬ 
blem solwmg process through steps totally melevant to the 
solution of the problem 1 Does it exemplify, suggesting in 
the process that mastery over a thought process is through 
a path . hardy, thorny and criatic ? It is the case that 
the adolescent regtesses -as if on a pleasant and adventitious 
Piagetian Journey during which, while unaware of the logic 
he is using, he is tiying hard to educate out himself as if 
the right path to concept development lies in flourshiug tm 
experimental failures Or alternatively, is it a case of rubbing 
his schemes of thought wrongly especially when he has 
personal reservations about his self acquired knowledge in 



( 99 ) 


contrast 10 school learning which docs not set light his 
firmly held selfccntied thoughts ? II appears to he any¬ 
body’s guess. In a personal communication, J, S, Brunei, 
who had encountered this phenomenon eaiher and had not 
followed it up, luid this much to say . 

The type of error that you refei to, which we speak 
of growth ettor, is one in which the growing child tries out 
a new strategy although it is not well developed and uses it 
in place of an older one which has been woiking well. It is 
eriors of this sort which suggest to me, the venturesomeness 
of learning during this eady peiiod that human beings are 
willing to shift to a less ceitain more poweiful strategy be- 
foie they have it undci conliol in pieference to one which is 
safe, sound and dull 

Any way, only a longitudinal study is going to esta¬ 
blish this Brunerian hypothesis. Returning to the Hump 
effect, in Serial rote learning, Hump clfect m the form of 
'how’ has appealed when frequencies of errois were plotted 
fot a group of subjects engaged in learning each item in the 
Serial Position E ffect. In the context of this study, the pro¬ 
blem arises i Does Hump effect exist at the lower stages of 
mental development as well ? If so (and cofitmed), a 
short tunnel to learning .may be obtained which may be 
theotized upon like the theory of fermentation. If effort m 
this direction is successful, the needed fill up may usher in 
the second psychological revolution in learing consistent with 
the spirit of educational technology especially when the 
second scientific and mdustiial revolution is picking up very 
fast in our country. 

The investigation of human though! processes in all 
their vailed aspects is a complex task, so both problems nap 
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acts of pioblem solving ate bound to appear refractory both 
to the psychologists and the method specialists Their trou¬ 
bles ate bound to inciease still further even when there is no 
unanimity in imported literature on the veiy definitions of 
thinking, concept formation and pioblem solving. Also how 
an expenmenta! situation is to be finally selected and appro¬ 
ached foi the very literature in this area is little organized. 
But these difficulties, piesent to a varying extent in any 
business of icsearch need not deter the future investigator 
on thinking. Over two thousand years ago, Plato talked of 
breaking the problem at its joints. The opportunity for that 
has just arrived as aptly put foiwaid by Hyde. 

Theie is scope for all, the clinician can study the 
abnormal functioning of the structure, the educationist, the 
effects ot training on its growth, the sociologist, the effects 
ot environment and others, modifications due to individual 
differences The body of knowledge about children that may 
eventually result from his work, directly or indiiectly is 
incalculable (6). 
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Implications of Piagetian Research for 
Science Curriculum Development 


A. t. PACiUURV 


Research in science education stiff rs from conceptual 
sterility and theiefore ends in tuvniluv (Cooley, 1961; 
Novak, 1974, Raths, 1 973, Tyler, 19 67; Volker and Wall 
1973; Watson, 1963) However, in recent years theie lias 
been an awareness as to the need for conceptually-based 
reseatch in science education. Piagetnm system offers such 
an alternative. 

Piaget is an etnpliical genetic-epistemologisd. He is 
not interested whether' the world is real but had studied 
changing cognitive structures by which the growing child 
eopes with the world. Hence, bis primary interest lies in 
how children develop cognitive stnictures from birth to 
adolescence. 

Dynl (1970) from writings of Jean Piaget has 
•ntcrpreleJ charactcustics ot Concrete and Foimal stages 
as follows ; 



Conticu- Operations (7-8 years to 13-12 years). 

i(a) Thinking is concrete ratliei than absliacl, but the 
child can petloiin elementary logical operations and 
make elementary groupings of classes and relations 
(e. g , seiial ordering). 

(b) The Concepts of conservation develop (first of number, 
then of substance, of length, of weight and finally 
of Volume), 

(c) The concept of reversibility develops. 

(d) The child is unable to isolate vanables, and proceeds 
from step to step in thinking without .relating each 
link to all others. 

Validation of development within concrete operational 
period has been more thorough and systematic. Many studies 
(Bat-Hace, 1971, 1971a; Carpenter, 1955, De Lem os, 
1966, Dowell, 1960, 1961, 1962, Elkincl, 1961a, b, c, d, 
1962, Goldsehmid et. ah, 1973, flood, 1962; Hyde, 19/0; 
Kooistra, 1973, Lourendeau and Pinard, 1962; Lloyd, 1971; 
Lovell and Ogilvie, 19^0, 1961a, b, Lovell and Slater, I960, 
Lovell, Healey and Rowland, 1962; Lovell, Kellett and 
Moorhouse, 1962, Lovell, Mitchell and Everrett, 1962; 
Me Ray 1971; Pachauiy, 1974, Uzgiris, 1964; Vernon, 
1966, Zu’rour, 197 la, b) lend strong support to the majo¬ 
rity features of Piaget’s system namely, (a) that quantitati¬ 
vely different modes of response are associated with different 
age levels to the extent that it is reasonable to talk of 
concrete operational thinking, (b) that development on the 
developmental tasks is related to age, so (hat one can talk of 
a general sequence of development; (c) that the ages stated 
by Piaget for the various achievements arc by and large, 
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representative. These conclusions apply to different conser¬ 
vations of quantity (Bat-Haee, 1971, 1971a; Elkind, 1961a; 
Lovell, 1959; Pachaury, 1974, 76), weight (Bat-Haee, 
1971, 197)a, Elkind, 1961b; Lovell and Ogilvia, 1961a; 
Pachauiy, 1974, 1976), Pachaury 1974, 1976), and 

other concepts such as number (Beard, 1963; Dodwell, 
I960, 1961, Elkind, 1964, Hood, 1962; Lloyd, 1971; 
Rothenberg and Courtney, 1969; Rotheinberg and Oiost, 
1969) ancl classification (Elkind, 1961; Kol'sky, 1973, 
1966; Hooper et. ah, 1974; Pandey, 1975), Estes (1956) 
found nothing to support Piaget and Hyde (1959) found 
reversal io horizontal deealage and no evidence of 
appearance of stages. A negative note comes also 
fiora Peking, China (Cheng and Lee, (i960), wheie 
the results ol “an expeument” are said to run contiary to 
the contention of the “'bourgeois scholar Piaget’'' that chil¬ 
dren’s conception of numbei is completely determlnd by age. 
Ohei studies refute this (Board, 1961; Dodwell, 1960, 
1962; Ellcind, J96 1 a b, c; Eeigenbaum, 1963, Hyde, 1 959, 
Lovell and Qgilvns, 1961a Manuix, 1960; Noio 1961; 
Pachaury; 1974, 1 976, Piice-Wiiiiams, 1961; Robertson, 
and Richardson, 1975; Vzgins 1964; Wohlwill, I960, 
Woodland, 1961). However, it is interesting enough that 
there is some consistency in that some conseivation skills 
may be necessarily univeisal (Goodnow, 1962; Cieenfield, 

1966; Hyde, 1959; Lloyd, 1971; Peluffo, 1967; Prisce 
Williams 1961, 1962). 

formal Opeiations (11-12 years to 14-15 years), 

(a) Stage of formal ( abstiact ) thought marked by the 
appearance of hypothetico-deductive reasoning based 
upon the logic of all possible combinations, the develop- 



menl ol a combinational system and unification of 
opcialiens into a striiduicd whole. 

(b) 1 he development ol the ability to petfomi controlled 
expeiiruenLUtoti, selling all faetois ‘‘equal” but one 
vaiiahle (at 11-12 jcais to 14-15 years, I he child’s 
formal logic is supeiio< to his experimental capacily). 
Individuals discover that a particular (actor can be 
eliminated to analyze its role, oi the roles ol associated 
faetois 

(c) Reversal ol diieclion between reality and possibility 
(Variables aic hypothesized before experimentation). 

(d) Individuals discover that faetois can be separated by 
neulialization as well as by exclusion. 

Dale and otlicis (Elkind, 1961; McKinnon, 1970; 
Remiei cl. al , 1 97 J) found that fomud thinking develops 
much later in adolescents. Studies of Ball (1972); Case and 
Collmsuii (1962), Lawson (19 74); Lovell (1971); Randall 
(I 967) ind'eal; that many adolescents are somewhere in a 
Liansitional state between concrete and formal operational 
stages On schema of pioportion only 50% of the 15-year 
old showed formal thinking (Lovell and Butterworth, 1966). 
Formal thinking in history comes about 16 to 16.6 years of 
age 1 Lovell 19/1). Shifts in thought processes may occur at 
diffeienl times in different sublet matter aicas. Thus, an 
individual may have readied the Formal stage in science 
while not demonstrating formal thought in social studies 
uiilrl several years later (Stone and Ausubel, 1967) Lovell 
(1961) lound that 10 Teacher's Training College Students 
baicly reached formal level of thinking. Elkind's (i 962} 
sublets who were college students 42% gave erring rxplan- 



ation of absiiact conu.pL of volume ac given by (iuluifu except 
that their language wac nunc sophiatu a ted, Almost emuku 
findings aie ropoitid by others (Gliiapetta, 197 4, ChmpUU 
and Wlutelidd 1974, luml, 1970, Higgins'Trank and Claitc, 
1971, Howe, 1974, Jutattchck, 1974, K-irplus and Riuplus, 
1970, Kill plus and Peterson, 1970, Kcusey, 19/0; ICohlbetg 
and Gdligau(l9 71)Lnw:.on, 19/4, Lawson and Blank, 19^(1, 
Laivson, and Renner, 1975,-Mckinnou, 1 970; IVlekinnon A 
Renner, 197 1, Norland cl al. 1974, Pachauiy, 1974, 197 3, 
1976, Renner and Slnflord, 1973, Sayre and EUllh, 1975, 
EJehwebd, 1975, Tovvler and Wheulhy, 1971, Wellman el, 
al. 1976), In a study by Wason (1961!) wheic the subjects 
were required to isolate variables and subject them to a 
combinatoiial analysis, 60 to 7 5% could not solve this pro ■ 
blem. This was formally replicated by Dawes (1971) with 
subjects who had Ph. D ’s m mathematical psychology Only 

one of five subjects correctly solved the task .f fed 

constituted not to reveal the names of these mallieniatic.nl 
psychologists, bul they aic all well published at least in 
my braced estimation highly rep,aided muubeta ot then' 
lields' 5 - -Dav/s) 


TRAINING STUDIES : 

Results indicated that the PiageTum concppl of con¬ 
servation was not induced by any of the ttai un« techniques 
regaidleos of ike- population (Almy et, al. 1966; Beausou, 
1975; Rcilm and Fi.uiklin, 1967, Buinei ct. al, 1966, 
Oman, 1965; Huikct, I960; Jar oh and Vnnth.iuiuilei, 1 968; 
Kui^l.-y and Hall, 1967; Mur reels) mo nod V-helmnn 1907- 
Meiruolstciu and Maya' 1969, Mermelstcm m s.]. 1967* 
Resmcli et. al,, 1971; Smcdshmd, 1961a, b, c, d Smith 
196II; Strauss and hanger, 1970, Wallash et, J, 1967, 
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Wfiil.icli a -id f'pu-U, i 9(>d, Winer, ! Wchhvdl, i960, 

Wohlwil! and Lowe, 1062). On the oilier hand othera mill 
/my n vuiiety ot lethniqiie'j have induced cliffert.nl kinds of 
tom.c! wilnm (Coxbud, 1964, Beilin, 1965, In a inert! 197'Jn, 
b, press; litison, I960; flu;,on and Sullitan, i967; Bueliei 
and Sefuieidu, 1971; ISauiei el. al., 106b; Fugeiibamn and 
fan!Liri I Cl ri‘1, I'outniri, I9o7; Gelmaii. 1967, Goldschmiiid 
1 068a, rialloid, 1968 j-Lur,d and Riefcst u, 1978; Batumi 
and Ilo, 19 68, H ala no and Suga, 196'), Lingula, 1970; 
fn U'o’n and Ihduno 1968, '97/; hnob and '/andciuantc-’, 
1969, Rohnslamin, 1968, Lasiy, (968, Lehaiienni, 19o8, 
Mitnchilio and Goodnovv, 19 9, Muri«iy, 1968, lhuLct ct, 
al I l ’/1, Betci, .970; Roll 1 970, Hollcnb.yg and O-od, 
I960, Scgel cl a I S 966; uhanlz and dig - !, 196/, IJrutds” 
land, 196! a, b, c, d, ?, Sullivan, 1967, 1969, V/aghrnn 
and Imhivtin, I9/* 1 , Y.ohiwill, i960; Wuhlvill and Love 
1"6 ') 1‘jagei nruntcnu: that ihiee Ciin.im tiemaod iiiipo/fu’i 
in choidim' v/h.-dn r on an l.ivu'digatot h:w succeeded. m lose- 
tinnu Dpei'iiiijual auuuuus. They arc, ; 

1, It, the learning hulling ? 

2 How muc.li rjcuuiaii/utioL is possible 7 

3 In the cast of each learning experience vvhai was 'he 
operation ievr;! of ihe subject bciot© the expel kmcc 
an i wind muie complex Gtiucluie has karmnjj 
succeeded in achieving ? 

P.„ scare her, ol Clua^cila (1973) finapuia and Ouluo 
Pee (1975) Iliiiison (1975), Binined and Alien ( i c ? 7 8o), 
C'ti usfs and Res nick (1971) Foumia (1967), drelrnati 
(l 1 '67) Glarin' and Etesniek (19/?), Goldscbmld (1968a, 
I ( >7l) Goldschmid mid B ntlei (i c 563a, b'j, Hnitid and 



Rickson (19/3). Jacob and Vunderventer (! l )(,9) (rnulmtc 
level tiausfei Lister (1969), Parker eL a I (l 9 7 i) Sclmell 
et al. (19 72) meet the lust two uiteria fully well Acceler¬ 
ation of structured’ ensemble seems doubtful by shoit 
tiaimng techniques in Pmgetian system ; 

The on going process where by the individual gains 
knowledge about the external objects Ur- sell, mid self 
ob|ect relationships is consideied lo be a natuial outcome of 
an active interactionist system Epistemologically in a very 
real sense the individual construct'; himself and the wen Id 
around him. At no point in raget’s model can man ot the 
external woild evet be defined independently of each other, 
the changing structure ot each is inutuiahy denved liom this 
continuing dialectic (Rangel, 1973a, 1 973b) 

Delay cither in the attainment ol com rote operations 
oi lbinull operations (also training effect) ate attributable to 
pool reinforcement, by syntactical structure on cognitive 
operations, and if children fiom different cultural and sub¬ 
cultural backgrounds experience ddleient syntax then diffe¬ 
rences in competence foi soulution ol Pmgetian type task 
may in part be explained by such differences in language 
environments (Barnes, 1962, Bernstein, I960, 1 961, 1962, 
1964; Best 1964, Dculsch, 1963, 1964, 196 5, Fischer, 
1958, Hess and Shipman, 1965; Higgenbothetn, 1961; 
Hoehstetlcr, 1961; Jensen, 1964; John and Goldstein. 1964; 
Loban, 1964; Noel, 1953;Passow, 1963, Sigel et al , 1966; 
Sigel and McBane, 1967, Thomas, 1 962). Bruner (1961). 
supports tins • The disadvantaged child lacks both (he rich¬ 
ness of environment for developing models and strategies of 
thought and the corrective feedback necessary (or their 
maintenance, Through models we consume information in 
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the form of concepts and through strategies we team to 
make mlcrciiexs or go beyond lire rnfoi mutton given. 

Accordum. to Reyaell (1969) concept foimation is 
contingent upon Input expet iciices of co.mnunieation 
Sensory channels arc p.iceptual process and Io the extent 
stimulus-d^piivul child lacks these, his conceptualization is 
inadequate and fruity as evidenced by low SES childiert 
(It nc 11 et al , 1970, Pachaury, 397-1) Sachs (1971) 
suggests that “there is a complex inteiaclion between con¬ 
ceptual development and language developmjnt’’ Conceptual 
development in science sulleis horn rhetoric ot conclusions 
(Schwab). Understanding science means appuuating its 
modes of inquiry Therefore, teaching for conceptual 
development and the pupil attainment of concepts aie 
interdependent piousses. Hence, ’onc-sboLtellmg’ is a very 
pooi stuitegy for scientific conceptualzation. 

Conceptual undersianchng is characterized by (Hurd, 
1971) • 

(a) distinguish - !lg examplais fioin non-cxamplats. 

(b) to interpret new situations using the concepts. 

(c) to use the concept as a hypothesis. 

(d) to make valid inferences or generalizations. 

(e) to make predictions. 

This is possible when science curriculum is built 
around major conceptual schemes, where a child gets an 
oppot(unity to interact with the environment in a multi- 
contextual and multi-media fashion and thus would be 
able to operate at the formal operations stage. 

As t sported by Lawson (1974a,) even American 
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\ J ad In Piagotian Thinking in Science Education 
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Kfcjsaarch on Piagetidn Thinking ; Some 
E[forits at Punjab University 


t. N. JOsHI 


I lid team genet of interest in cognitive piocesses and 
cognitive development during the last three decades or no is 
reflected iti the increased attention the developmental psycho¬ 
logists have given to die acquisition of cognitive skill in 
children. Them ni hide doubt dun a major source of impetus 
has been the vvoikr, oi Piaget and his colleagues related to 
identifying (lie developmental stages in (he acquisition of 
concepts m subject aieas such as Causality (1927), Judge¬ 
ment and Reasoning (1924), iXlotal and Judgement (1932) 
Thought and Language (19 !3),Movement and speed (1946), 
Logie (19 49), Time (i94f.) ric The emphasis on process 
involved in the acquisition oi knowledge Inis resulted 

m a nmqtm system defining the development of intellectual 
•it met lues 

Must of p 


mgft works have encouraged educators 



■'incl psyohoJofustu t n ,, » , 

uited conliols Cons.dei i(/ "7'^ WUil t,10IC sop|, lstl . 
vaui'ua resea,ch. 7 ,U * b “ n by 

^-tud,* JoXa L0, ‘ Lep,S M “ ‘he <ou,s.s 

'.'■Hons as to «. arts ol (! ^°T ,nSCnt 111,0,1 hage, ’ S ,U,mU ' 
l ' ‘ ,LVLlo Pnit:nt of thinking pulses 

1,10 r, '«Curcii pickets listed h .l„ 

f lie Dopaitnicnt of r'dn ■ ' U wete cr, niplctcd in 

"" l>« » d.1, lh ’ UuiWMilydun,,,, uie 

M«lhcm., te . d " ck >P'“"l "I S«*« or 

Plages ol school,ng t P'" 1 ' lo syllalmsoi wilk vanoiis 

(U Development of Aleelni,' , 

r* :r:: r- 

Swojida.y Level ° Ju,uor 

( 2 ) Mathematical eompdence cf respective P, 

school Teaches ' R ° tiVe Wemen ‘<uy 

{-)) Irflect of intelligence and Age on the Dev l 

Numpi n r,i /, , h tllc Development of 

..... . 

(’) A^or te ,ooo KC p hor miMl? teis 

xo be constiueted 

<>) Mod.f.c,,,™ SUrllInrcl „ a „ 01t 

Concepts 0 r geoinclij. E “ ,c 

(6) Tile effect of Intelligence Hex ;nul p. lK 

on the underct'in ' ' csidential status 

c) Understanding of concepts of demist, y by lhe sh|(| „. 



' ,ts of ,X C '“ to llieii intelligence, 

and rural/Urban background. 


sex 


(#1 Uii.lcisUml.ng ,,l iundamental concepts of Physics by 
the Idlli class students „i .dnlion to t hc „ inlclligence, 

sex and scholastic achievements. 


(9) Piagetian Concept of Time and Motion, a 
validation. 


■in empirical 


(iO) A factor analytical study of problem solvihg ability 
Algebra. 


m 


(II) Developmentol number concept among thechild.cn 
(ate group 5-10 jeats) in English Medium school. 

tip An investigation into the pultuns of thinking 
Sr, ' V ‘ ns ' ,,oblci ’' s in ln .elation to mlell,genre 



Pan IV Srcinlnpy of f'ueuu- Educntu re 


Sociology of Science Education 
Problems and Uesaareh Par:'ipoctiw? 

SA-TVA PAL RI/HFIA 


Sociofogy studies social institutions. Science is also a 
social institution in moduli times, and so it also comes with" 
in the pmview ot sociology. In tact, so much internst hat 
been generated m this duection that a very speciali/ed held 
of study entitled 'Sociology ol Science’ lias emerged during 
secern decades to study vanous aspects of the iclationstiip 
between society and science According to Joseph Beu-David 
the sociology of science studies the way in which scientific 
research and diffusion of scientific knowledge arc influenced 
by social conditions, which, in turn, influence social be'- 
havioui. 

Various sociologists like Robert Menton, Sorokin, 
Bernard Barber, Walter Hiisch, B, Mogul, IV 1 lessen, Joseph 
Ben-David, Randall Collins, S N Inaensteadl, etc have 
enriched this field with their contribution:!. The Sociology ot 
Science edited by Bernard Barber and Walter flnsch (1903) 
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still remains a diu.u, hook of leading'; in tins ficUl, although 
newei conli iluitiou;, an, being added lo llus field by somo- 
lofjisLi and oducatioiml". of many rmintnp", 

T hi; gtinvili of the held ut sociology of education can 
be divided udo hvo .iviiod>; the hist one slii'ting fiom Hie 
eaily 19 i()s l<> tlie end of the 1030s, and the second one 
starling aftci the world Win II and lasting to date. 

Doling 1 920-30, the niajoi widmg and leseaich int - 
tests in this lie Id weie . iolc ol science m social change, pio- 
blem of iesh'itanee and impniessum, social functions of 
science, umctpliulDuliun of the iiifounal social system of 
science, and the social b'stoiy of science and tochnoli'gy in 
the seventeenth ecnlmy, The post Wai developtnenis in this 
field have icvenled these ticnds : inlei actional study of the 
scientific coinniuiiity, socialization of youngei scientists, 
scientists’ inkiest m philosophical icDas and thcones conce¬ 
ptualization of scientific mtctadion, influence ofc I iss intei isls, 
tacial oiigm, political ideology on science, social r aponsi- 
bility ol ihc piofession of scientist'-, institutions of scientific 
activity, science in totahlnuan sociclies, and veiy left sludi.s 
on the social dicers of science. 

Essentials of the sociology of Science 

1, Accoiding to Taleott Paisons a sociologist, the basic 
nouns of any scientific knowledge ate 1 empincal 
validity, logical clmity, logical consistency, and genet- 
-Uily of the punciples involved. 

2 . Get man sociologist Max Webei behaved llut tiic belief 
iu ill 1 value i i r si 'entifi'. tuith is not deuved Irma 
■udun bm il is a pioduu ol definite cullmes 
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3, Robert Menon ha.s demolish tiled that them hn,. alivujs 
been existing a 1 j lent and at I've ho.nlJliLy towards 
science in many societies which hindeis oi slows flown 
the pace ot drveloinc-id oi’ science in tlms’e .societies 

4 .Scientific ieseaieh is nm concluded in social vacuum. 

a Most institutions demand unqualified (ailfi, but the 
institution oi'science makes scepticism a viituc 

6 Dictatoiship oig:ini7cs, unitializes and henre intensifies 
suuiecs of revolt against seience which in n liberal 
.sfinctuie leniams nnoi gam/cd, ddlu.e and often latent 

7. A scientist has to undugo special carecristic stresses 
fits whole pcisonahty is so moulded by his piofession 
that ltaid weak, devotion to duty, fem less ness and 
sobnety become the very elements of his nature, 

8. Any scicnlilic achievement is the result of accumulated 
el (on ol many scientists. Newton's cho.sic statement is 
woilh remembering If I have seen luithet, it is by 
.standing on the shoulders of giants 

9. No modem scientist behaves that ho will evet be able 
to make a gutnd invention by leiet.dipity pattern, u- 
by an accidental happening or by just a stroke ol luck 
Systematic and strenuous research work done by him, 
taking help from is hpredecesscus and contemporaries, 
only can ptoduce outstanding inventions or findings 

10. it is in the vc-iy ethics of the piofession of scientific rese¬ 
archers to stand lor ttnth discovered by them, and to 
be pre.paied to sacrifice even then lives for the sake of 
truth. The long social histoiy of science is full ol many 
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such mspii mi' suorifios made b« scientists o( eon,.uencc 
and integi ity. That no he I tradition continues inmost 
of the countnes even today, 'Mm inspect ot indepen¬ 
dent scientists and university scientists is definitely 
1 'ieaLei than buieau''i nio m lentists, woikinn in govern¬ 
mental and scini-govinrunental agencies 

II Accoidmg to Mat Weher "in the field of rcience 
only lie wf o is devoted solely to i 1 e work at hand has 
presonality.” He fintlier holds "only by stnct sp ci l- 
lization can the si lentit'io woikt i become l'ullv tunsci 
ous, foi once and peihaps novel again m his hie tunc, 
that he has achievi d something that will indiuc.” 

5 2. The piactioe of alMsing the name of the inventoi ot 
diseovuiei to all oi pail of what he has found, e g 
Coper nicuii system, us only the most cnduung and 
peihaps the most prestigious kind of recognition 
institutionalized in science, Anonymous ot mediouo 
tesc-arch assistants have no place in this schem- ot 
things 

13 Aceoiding to ildward Shils, “the fiecdum oi publica¬ 
tion and discussion is absolutely central lo the ttatli 
tion of science.’' 

1 \ Plagiansm and baud ate outside the cultuie of scien¬ 
tists A scientist is moially bound to give due ciedit 
lo oilier schohus fiotn whose works he has benefited 

15 The nppiicatiorial aspects of science in, technologies 
ol dilleieut Linde ate of eiueial social, cultuud, polili 
cal and economic lmpoi Lance since then basic 
puipost, is to make man’s life easy, comioitable and 
trustful 



16, Science us art agent of social and uillmal Jmrige and 

modciiiir'.alioii is very tuiuh teimijtiued all ovci (he 

woi Id. 

Sucio’ofjd of Sclonco Teachino Sit .Schools 

In most <d our ichool.s thcic ait shoitages of labs, 
Idols, nutlet nils, dedicated, well ti.uncd and uinov.divt' tea- 
tlieis, and ot flu; coiitimunu, ol s(nle ('muses uiul anomic 
' nm rslexMiess) m (he use of science tombing methods. We 
hud many ueuco teu'dims kins; students 10 tend out Item 
science book', in classes instead o! getting the e.spuiments 
(even ihote piescuKwl m lie: i.yllahus and dtsculnd m the 
textbooks) r>c1 11 a 11 y done, by them. Th j lutilt expectations ot 
mu .suentisls. iilntali'm'Ms and leader, usually remain un ■ 
luililkd became the w. ience boots an; will ten either in iliTli- 
uiU Fn"Jisli ot Sansl mi/ul Hindi wlm li is i-vcn tnoio dilli- 
cultf'H il.e stndenls lo uruh rtiland Many science leucltets 
me It i" liut-'d , aji.uli' lit, imee.thused, and uiition-lumte-ts 
They (ml to uuss (ltd Km in between lb* culuucs-tho cullute 
ot tuiuift and tlud oi humanities and social science c. T heie 
.no schools m which sei'inu kits, so cuthusmslK'nlly sent by 
Uncsu) or NCLUkf, remain unopened and unused loi yuus 
and they just lie in the dingy comers ol sehod lihiaues 

iistetuco l/uttcation ■LH-i'd^sr the 10-1-2 Schema 

'I Sic new cui rmuiurn tot Classes IX ami \, developed 
b\ ills ( Viiti.d 15*• i/ei ol bu otiil.oy Laiiuanon, Hew Delhi, 
has envnnityid ; i oripi iieuSii.. comse ol gnim.il editcalion 
v "li piovi'.iot)., loi vvot h— i V’. none.;, A niuiiumtn essentia! 
con 1 1f knowledge Im promotion of intellectual tapabilitiet 
has Ken ptovided by baching sub]ecls like languages, 
mathematics, feienu_s and social “sciences r lhe tennuial 



bchaviom on the pait of the students, in so fa. as science is 
concerned, is that the student will have a piopei undei&lund- 
ang of fundamental concepts of basic laws ol nature and 
then operations, and also he able to have the knowledge of 
the methodology ol applying such knowledge to the solving 
of cveiyday problems m a scientific manner 

The euiriculum-fiamers have prescribed sevetal topics 
m three piomment sciences—physics, chemistiy, and life 
sen nces. It is for (lie subject teachers to tell us now as to 
how fai ate these courses suited to oui social and eultuial 
contexts Are they psychologically motivated to the studcnls ? 
Aiv tiny lull of potent i ilities lot the weltaie and enlighten¬ 
ment of our masses '< Aie they loo light m too heavy to 
discourage the students ? Aie they ically modern eoutses 01 
lust old wine in new bottles ? Is it possible to apply new 
science methods in teaching them * 

The author finds that the curiiculum-planueis havs 
paid scanty attention to the soeio-cultuial context and the 
pioper methodology ol teaching science At Classes IX and 
X, the most useful methods would have b -en I ho biogtaphical 
method the observation method, and the expennuntution 
method, The life of a scientist, vividly presented, descnbing 
Ins backgiound, fiusttaLion and achievements, etc should 
serve as the most effective medium foi communicating know¬ 
ledge, unptessions and values of sceuee, The importance of 
ileld-ohseivation, natme study, project and experimentation 
cannot he overlooked 

What types of tear bus are needed for teaching scie¬ 
nce '* What personality patterns and competencies should 
they . going to he gland preceptors teach- 

■ng .. , without having proper qualifications, 

apluude and competencies (oi them ? 
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Mose-m fM'.oylr; -isi "hducritikH. 

Tlv *lr‘ ii)ii,il v o 1 11 ,{'-■ of * i'll' 'lion, A|in.-" r , c>i_,uu cd 
rui 2"''J 6 r.nuch i97 6 a u'oiksiinn on ' Research in , r -i< icnoj 
i:unuiLn>ti" in winch rem m h nod.' hi veiomt) ami nudhc- 
nritH'' 'iad l n oi si ii.nu’ wuc ell >cu .-.cd liy (he paiti 

upanto. Thi i hi‘-:oii •»« o' dn- vor! shop ■* >• Ui.it roSwin h in 
science edu'Mlion sn mil rnuntiy is f.iil 1 v< ry littc, almosi 
punnti/ti d here is no les'Mu l> work tti Urn men of 'i"Ciology 
nf seicnuj ciluoiiinni, Tl'oro me no fundamental studies on 
ilie pattern oi iU'i J (Hiuvard Pio|<cl Physics) Iheie 
mo no r.U"Ims available on the ( osnp,native advittiUivi 
of new' physic 1 . v’limiS uni plivjn:, 1 lie dim cl Indian l i cat 
flunk on fiducalioii iNCliUT, l'-f,H) uul \ Survey of R«*,c- 
aieh in Education (|o7-j), clcailv shows fhm there is very 
I'ttle of research in India on the sociological aspects oi 
science teaching, and whau vci icr.ruich is (non; cm (lie teach¬ 
ing and uimculum o' 'unne in Indian schools is not 
creative and functional in the sucio-cultuial context, 

(t is netcsiaiy to think of evolving leseaioh topics in 
rs sociological peisp'ctive. h acton like lural utban social 
;uunplugs, ivhpion, oUpfeisUtHins, u.ulitions, economy, caste, 

,social i lass, language, occupations, symbols, public uu >pei 
■at ion, opposition, expectations, and needs ol the rural masses, 
polities, bureaucracy, etc. should be closely studied in so lar 
as they affect semrue education in today's schools Their 
impact on TV, radio, journals science comics and fictions, 
exhibitions, science contests, etc also deserves to be studied 

The 'Duo iiliiudl backgrounds carter patterns, moti 
v.Unms, fiustialidioii, training, icorientatioii of science tea¬ 
chers, and the rilmtivcuess and utility ol seminal i, work- 



1 I ' ! ■ etc — all fht-'JC- ;uc vital auieiudi pnoi'Uei, hi science 
lman Ht • I'dith is ui {m'i'LI Called for m 1 lie, ivoindilv 
patiem.x ol students who ■ hould Ud.i up luphni seance m 

ill' li I dill t'l I'lOCVI 

A Inf ol mcamni.li'l i-'seaicli is lu'cled on ic, (hooks 
< miipru'Ull inapiovistulou n r (mils ;nd pro umif, , aiH J |) lf 
pupils Elite tc is, m sieve me i,, ,,n 1 'lu"n litas o, scioi.ee 
udip'as brinp tauyln lo then ISm 1 nuu.li o< < i. iue kumv- 
" d h/. in |j',t, one into Ituiii il'iiIv 'iibit, an 1 m the 
■ l.iily Ide ol then idalive., m then families as a icsult cl 
eiassioom ljisti Liction, is yet to he line aipuh'd 

fhe ' osi-benefit unul.'i' ol sen n«e tool-, mt,liti<I;. 
'i'Ikv doiics, niid tli; value C'Millii-ts at ,iinli-r 1 1■, a acinus aii'l 
siiianis »u' also u.’iiili' js’ ■ ■ i>:es.i 11r_ ,octaicl ers in 
ic-ic* today 

Tht fjnni mid 'ubs'ci'iite i; limt u< must hi out science 
■‘-'icli* n, ihui 1 1 aim ig Ihm h ickmounds, then tuaelnni' 
m thud, i nd mi denies, science e u. i i-'ula rien nci; books 
'Oieruv, l.d m Imu s, n.i .iu dub',, TV lessons on si mn<o> 

1 V si" M iiiiiini;s ol blTL lot i u ml cr au;i{ r m mat ion. value 
'-outlicit, n.uiuig out ol scion-c oca Linn, nil'ini' up of science 
,snd tut,, u.minus etc in ,ib.; ijt evei ytlnrig exposed to 
i. -iiioli without any hesitation what >o tvei 'IhU is necess- 
iiy mol dei that ’dice education m our i,chon's imbibes I he 
dements e( humanism and si imifism, and it dots not lemam 
iitualstiL and uicJ,,mH id as ir i- n, u-i h of om schools 
n-day ik'pde the jidiodiidion o| m my so cdhd innovatWv. 
i r iclmr. in seien e edueiitioi' 

Riwiorif'dcfJS 

ISitilrr, Hcr11 i< s "'d "wall", dii-d 1 he hut iol % "'t < f 
ficiencc N ',\v hoiL 1 ■ e Puss 1 'if i, 



Direction... to, tho |- U , U1 . B . Sc , cnco 
Education 1‘isseatch in Indio 

j. K. soon 


A Ibo.oosh slndy „r fc Science anuuiia, p,„„ c „ 
which »e, t develop,,, du„n K me Put,-.Snumrek 

" K " IMl |, 0 l ,,,l » r '"ml, in Hemcc education tvee ■ 
nquiry learning, p,«m A,,proud, , Individual,,,.j 

.tf.nnd „„ t6 , alt(l 

«w. Ito. "ends wee aimed p, epare 1 cici„„.ca l ,v 

literate cituenry will, an u„dmla„d,„ s lhc phJ11M| 

appltcalive ns, 

a. the relationship of science and tedmohmy (Jnforlnnatdv 
ttese massive efforts did not prove very efficacious and' the 
enrolment in science courses continued ' 

very tecently many nsw dm ension, ,„,„e added to’ 

science teach,„ g These dimension, ato and seamen 

..man and his cnviromcnt 1 , 'hinnnnra,,;. S c„., C e 

, ThC — are to teach science 

rind mt.Y 10,he COn “P ,s “ n be discoveicd h v the 
' 1 '"“"f ■ ctrpcnmenlalion. I„ 0 , hor v/ „„ Js 



fi'H'.f stiK'y tk m lucdoloiy/ of science to acquire attitudes 
unl >oureptn An i ttrmpt ri to be nrel.’ to |'r n vnt cicric, 
u‘> n human ,i< ij >■ ity when em h (.nub! prom ess mde- 

110 ri<I• 1 ufIy .uni vv'ih maximum personal >i,uc,th 

i'l esc, new tacks demand new approaches, new under- 
daiuhii,';, and a closer n. latum between theory. research and 
nr ikitic*. tlian even «. listed before Research must lie an 
ti.'ei/raled pa,t ot developmental piogiriuirnes to provide 
pedagogical incut and m>cj i] relevance, ,‘juoh a power of 
tc-iareh have bten demonstrated hi medicine and agncultuir 
This is to be p>cwi,d in science and mathematics education 
through Hiae.iidi, IItc strength of such research nffoils 
depend mi the availability o< c. v p-■ i lue funds and inter-sl 
shown by neholnts tiom nthei disciplines, that n anu'dogv, 
psychology, tuithtopology and economics. Once the necessity 
of research in acknowledged by the profession, then it will 
not be difficult to groom die research woikcrs as expeUs in 
various area-, of semnee education. 

Directions. oS Research 

if wl* trace the histoiy of science education research in 
India, w find some isolated studies attempted by individual 
rescaioher. from time to time. Some rescaich attempts 
have also hem made by M Ed. and Ph. D. scholars 
to fulfil (he rcquiiemonk of the degree The beginning of an 
oruatir/id research in science and mathematics education was 

O 

started by die National Council of Educational Reseat oh and 
Training and Stale Institutes of Science Education. It means 
science education research is of leeent origin in India. Most 
ol the it sc arches wete of ‘developmental’ and ‘service’ natuiu. 
It was rol ded to the reform of education system, reorienting 
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U IS evid, ‘ ut lh| d many m f| IJPI c , 

of .ewnoh The,, factors a-. 

educational iy!t , 0l , avwlahl.ty »i , X{ ^'ITT °' ^ 

Iho desire to enrich the Iieitf r t me ins ^ anU 

iiriclcibtand science education rc.enicii , ri 

live, todetennine lJlL . piI0I1(| ., W ’ ,,et ' t " t ‘ ,s P«- 

vance and a al to „ 1 CXam,nf - 1,s role- 

— -naovaiive “ — to 

“rch p,„, Mc „„ ^ «luc-t„.„ 

lt,s m<n,n,, la , jh iuii> 



dcsciihcd in'iuv Mp.mliuj'i 1 . as ;l icicaf li m scienee Hiua- 
tvm TKnuph no lr >ly vuuld iicuv H sen Rh aiicmpts in 
uMncnlum av D l-.j> trn iiuufuiig, Sou. dug >■ t,( 

Science and Sufiiti* i'ludiion nfui knowing Lh-o'.Uuc 
Kt.iluii of saiuita nlui .'t|,m rL.si-iin.il in (inha, Ycl there are 
manv other > tw hums which n* td ctuotion u f flic workers in 
the held. Sorm- emergim* anil t-levuiL needs ati ns follows 
whrh will j- .-.vide uueun.n-. (or Uk futuic 1 

I I he ini'i.Mini] of (“i ni n Mitntr from diffoiUit socio¬ 
economic <s ruin 

The nurti'iin® of taluit in science (torn mail mens and 
deprived cl,vii.e« 

I Problems H'kwul fa ■ ue .sociology of seance and socio¬ 
logy ';f science education to acoid furl he; disjunction 
biaween soitiiu; and society. 

'! Mvuol.igvj in p'ip.ning Urn value ourund m icner 

cuniculnin piojech, in schools, 

'> Prepiumg MiLiiiL, a" hfis o cUvelop teaching skills, 
teaching; Ltyle and tt-eching staUegn-a 

6 Development of science concepts in relation to tin 

developmental growth of children 

1 Development oi functional scientific literacy Specific 
attention is to be gmn on Lhe first generation school 
gome children 

if, Evaluative studies to answer the question o! accounta¬ 
bility and relevance 



f utuj-e P::rspoct ! ves 


5n Inch i vai>ivi c i;dut;tiinKi' agti oiiis cue engaged hi 
sumcr ,’diu iilinn lesenn h in aveinl Mens 'Ihese >reri'i J t r «r: 
(l) ddlt-reni aspects of child development, (2) rhr me uu/,eil 
wavs >d learning science, independently m us a integrated 
way, of ui a (.oordumion way. (3} the nedS ot teaching and 
tcudi'-i propitiation, and (4) the evaluative piocedm >.s 

in ulditiuu to these some reseat cIi-t, f.i, w encaged in 
olin’i aspects, niitli as, philosophical siuchot. ol the nature '•( 
s> lenee, hisloiical studies of science as a component ol ibt 
toial curnuikiin, and sociological ‘dudics »•! the Icawicj.s, 
feachciR and the coinmiinily at huge. I eesv -ucas are (o lye 
exploied candidly so that a iheorelical '('.search ii une-wink 
tan b>- evolved Some u( the precautions ,tl the stalling 
point r c.sent led. A hue for action is piescwcd 

rhf'u should be 'O-oidniation .inning dilhrent educa¬ 
tional agencies Some ol the icseap'h pii»|eoln sho 
conducted at the national "level. One of the most m 
example is that ot liiteniaunuai \ssocmUon for the Evalua* 
tiou >r ( ’ Educate hi a l Achievement. 'Sins oigam/ation has 
conducted many mieinational studies, Science Education in 
Nineteen Countries I an Empirical Study { 1973} by Comber 
uid Kocves is a brilliant example ol International co-opai a- 
lion in science education teseaieh. Simiinr studies will piovc 
usetul if conducted iu different states. There is an utgcid 
need for a pvopt-iiy oiganiyed, systematically cooidinutu! 
continuing ptogiamines of science cducah.in rc’.caich Cn~ 
oidnmtion in conducting research is not suilieicni in stsill. 
rheie is a need of ec-cudmation in disaemination of icsraich 
Endings 




